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THORAZINE* 


now the therapy of choice in 


ALCOHOLISM 


Mitchell! observed that “Thorazine’ therapy offered 
these definite advantages over the usual barbiturate 
and mephenesin treatment of alcoholism: 


ALL PATIENTS QUIETED 


They “soon became quiet and dropped into 
light sleep yet could be easily awakened 
to receive medication or nourishment.” 


NURSING CARE SIMPLIFIED 


“The patients were more amenable to suggestions 
from the nursing and medical staff, there were 
fewer falls from bed.” 


FOOD RETAINED EARLIER 


Nausea and vomiting were stopped, and the 
patients “were able to retain solid food 18 to 24 
hours earlier than the barbital treated group.” 


SHORTER HOSPITAL STAY 


Patients “were in condition to be discharged from 
the hospital on an average of 24 hours earlier”’ 
than those treated with barbiturates. 


. 1. Mitchell, E. H.: Chlorpromazine in the Treatment of Acute Alcoholism, 
Am. J. M. Sc. 229:363 (April) 1955. 


‘Thorazine’ Hydrochloride is available in 10 mg., 25 mg., 50 mg. and 100 mg. 
tablets; 25 mg. (1 cc.) and 50 mg. (2 cc.) ampuls; and syrup (10 mg./5 cc.). 
For information write: Smith, Kline & French Laboratories aS 


1530 Spring Garden Street, Philadelphia 1 


BULoxe 


*T.M. Reg. U.S. Pat. Off. for S.K.F.’s brand of chlorpromazine. 
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Dedicatory Address* 


NEW ARMED FORCES INSTITUTE OF PATHOLOGY BUILDING 


Walter Reed Army Medical Center, Washington, D.C. 


Dwicut D. EISENHOWER 
The President of the United States 


R. SECRETARY, Gen. DeCour- 

M sey, distinguished guests, my old 

friends of the service, ladies and 
gentlemen. 

For the enlightenment of this audience, it 
is indeed fortunate that Dr. DeCoursey saw 
fit to tell us about pathology. Because for my- 
self I assure you I have learned more in the 
last five minutes than I knew in my entire 
life before. But I did not come here to taik 
scientifically, and that is my excuse for not 
being better briefed in that particular sub- 
ject. We are here today to dedicate a great 
building, stone and concrete and other ma- 
terials. This in itself is an important event 
because I am told that this building is ar- 
ranged better and more efficiently for the 
conduct-of the work here to be done than 
any other that this country has erected. 

A good workman deserves good surround- 
ings and a good place in which to work so if 
we have nothing more here to dedicate than 
the building itself, it would still be an oc- 
casion worthy of note. 

But the true dedication is probably more 
to the impulses which led to the erection of 
this building. Concern for human life, and 
not merely to lengthen out the span of our 


* May 26, 1955. Introduced by The Secretary of 
Defense, The Honorable Charles E. Wilson. 


years, although to some of us here present, 
this in itself is getting important, but to ease 
man of suffering and difficulties and the 
lengthening of life span so that he may yield 
to the common good more from the God- 
given talents that are his, so that he can con- 
tribute more to the spiritual, intellectual and 
cultural and economic development of our 
time. 

Another impulse is that of: cooperative ef- 
fort. The Secretary spoke of an example of 
unification. I think some years ago those of 
us who were advocating unification of the 
services saw something of this kind in the 
offing, even though we were ignorant of the 
exact form these developments would take. 
For that reason I couldn’t be happier that all 
of the services are combined in this effort. 

And then I think it gives us an example 
of how government should operate in pro- 
viding and doing its part in advancing the 
welfare of our nation and our people. Lin- 
coln once said, you know, “The function of 
government is to do for people those things 
that they cannot do at all or so well do for 
themselves, but in those things which people 
can do better, the government ought not to 
interfere.” Here is one of those typical part- 
nership efforts which brings government and 
science and individuals together to do a 
great job for humanity. 
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THE PRESIDENT OF THE UNITED STATES DeELivers DepicATtory Appress, May 26, 1955 


If we review only some of the accomplish- 
ments of the medical services of the united 
services we would have a very long list. Fol- 
lowing our armed units into the far corners 
of the globe, they have brought back to us a 
knowledge of diseases, or they have practi- 
cally prevented them from ever reaching our 
shores. But I remember very well in the days 
of my youth when the term “yellow-jack” 
was one of terror in the west and southwest. 
People would not even venture into some of 
our coastal cities in the south because of the 
fear of yellow fever. Yet service personnel, 
through their dedication, and their training, 
their devotion, brought about a knowledge 
of that disease and began to stamp it out, 
and finally practically eliminated it. 

So, in the same fashion, other diseases 


coming under control have each had as one 





of the contributing factors of these great 
dedicated officers, doctors and technicians, 
nurses, and others of the armed services 
medical corps. 

So here we see people working in the con- 
viction that man—man himself—is impor- 
tant, his help, his ability to contribute, we see 
also the conviction that man under God, can 
conquer his physical surroundings and make 
this place—this world—a better place in 
which to live. All of these thoughts, all these 





impulses, come together as we think of the 
erection of this building, the services it is 
going to perform; and indeed it inspires us. 

And so I should first like to pay my trib- 
ute to the men who thought of this building, 
the men whose work brought about here a 
proper home for the people working in this 
pathology for the united services. I want to 
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pay tribute to all people who in any way 
have had a part in the development of the 
whole institution from the time of the Civil 
War, and to the accumulation here on this 
spot of the combined assets that will do so 
much for us. 

So we can hope that this will make men 
more productive, their lives more rewarding, 


Welcome Address 
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and in so doing, perhaps we will have a more 
secure country, a more peaceful world. 

And so I dedicate this building to the con- 
quest of disease so that mankind, more safe 
and secure in body, may more surely advance 
to a widely shared prosperity and an endur- 
ing and just peace. 

Thank you very much. 


Welcome Address* 


By 


Bric. GEN. ELsert DECoursey, MC, USA 


R. PRESIDENT, Mr. Secretary, 
Distinguished Guests, Ladies and 
Gentlemen : 

Welcome to the Dedication of the Armed 
Forces Institute of Pathology. This Insti- 
tute, which we usually call the AFIP, is im- 
portant to each one of you, your son, your 
daughter, your husband, and your relative 
in the military service who may become ill. 

When this time comes, the doctor may 
need to take a bit of skin, or tissue, to make 
his diagnosis of the nature of the illness. 
Then the pathologist comes into the picture. 
(A pathologist, as you know, is a physician 
who specializes in making diagnoses by lab- 
oratory methods, and in doing research in 
laboratories.) When the tissue is taken, your 
relative becomes the primary concern of the 
AFIP. When a quick consultation is needed, 
the tissue, the X-ray pictures and other rec- 
ords are dispatched to us by airplane—from 
whatever location on earth your relative 
might be. We immediately radio back the 
diagnosis. In unusual cases we also obtain 
the opinion of the outstanding civilian spe- 
cialists of the country. In any event, tissue 
is sent to the AFIP whenever the military 
doctor feels it is important to the patient 
from the standpoint of his present or future 
health. We keep a continuous check on the 
health status of the patient throughout his 
military service, and later as a veteran. 

*May 26, 1955 at Armed Forces Institute of 


Pathology, Walter Reed Army Medical Center, 
Washington, D.C. 








A.F.1.P. Photo 


Bric. GEN. ELBert DECourseEy, MC, USA 
DIRECTOR 


The AFIP is also the central Pathology 
Laboratory for the Veterans Administration, 
as well as for the Army, the Navy, and the 
Air Force. The Public Health Service hos- 
pitals use the AFIP for pathology consulta- 
tion. In addition, we serve the Atomic En- 
ergy Commission—its precious tissues from 
atomic injuries come here for safekeeping 
and study. Civilian pathologists send us 
much material, tissues from all parts of the 
body, with teaching and research value. The 
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National Research Council, in conjunction 
with 17 national professional societies, like 
the American Academy of Ophthalmology, 
the American Dental Association, the Amer- 
ican Veterinary Medical Association, spon- 
sors our Registries of Pathology. We study, 
review, and classify some 70,000 cases each 
year. Thus, the entire nation’s medical pro- 
fession has united here, under military man- 
agement, to bring together a large number 
of cases. The study of these numerous cases 
leads to better diagnoses and discovery of 
new diseases. 

I wish I had time to tell you of the new 
diseases that have been found—to tell you 
now of the painstaking examination of many, 
many cases that suddenly gave birth to the 
concept of an entirely new disease. These 
advances are shortening the suffering, and 
prolonging not only our patients’ lives, but 
yours too! 

With this new building we shall have com- 
bined facilities, such as exist in no other 
place. We shall use basic physical and bio- 
logical laboratories. We shall use laboratory 
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animals. We shall make diagnoses such as 
we have not been able to do in the past. 
Thus, we hope to add to new knowledge and 
therapy. The interest, and contributions both 
of material and of professional knowledge 
by the civilians of this country (and also of 
foreign countries) aid us tremendously. 

Pathologists, nationally and internationally 
famous pathologists, are here, not only from 
the United States, but from Canada, Mexico, 
Great Britain, Ecuador, Peru, Nicaragua, 
Germany, Hungary, Finland, the Philippines, 
Japan, Turkey, Switzerland, Israel and the 
Netherlands, in the audience and on our 
staff. The prestige and splendid work of the 
AFIP, the daily examinations and consulta- 
tions, such things as the photography of our 
Medical Illustration Service, the support of 
our Administrative Services and the numer- 
ous publications derive not from a building, 
but from persons. The past as well as our 
future contributions to health depend on 
persons, the members of my devoted and 
dedicated staff. I want you to see them! 
(Staff stands. Applause.) 


= *§ SH 


General Hammond’s Directive Creating the Army Medical Museum 


Surgeon General’s Office, Washington, D.C. 


May 21, 


Circular No. 2. 


1862 


As it is proposed to establish in Washington an Army Medical Musewn, Medical Officers are directed 
diligently to collect and to forward to the Office of the Surgeon General all specimens of morbid anatomy, 
surgical or medical, which may be regarded as valuble; together with projectiles and foreign bodies re- 
moved; and such other matter as may prove of interest in the study of military medicine and surgery. 
These objects should be accompanied by short explanatory notes. Each specimen in the collection will have 


appended the name of the medical officer by whom it was prepared. 
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The Armed Forces Institute of Pathology 





By Coronet Rate M. Tuompson, USAF (MC) 
Deputy Director, Armed Forces Institute of Pathology, Washington, D.C. 


(With 14 illustrations) 


HE dream of the young, dynamic and 

venturesome Surgeon General, Wil- 

liam A. Hammond, during the Civil 
War, has been fulfilled, and now, well over 93 
years later, finds the Armed Forces Institute 
of Pathology occupying one of the most 
modern and unique edifices in the world. On 
May 21, 1862, the Armed Forces Institute 
of Pathology was founded as the Army 
Medical Museum. With continued progress, 
foresight and future promise, the Army 
Medical Museum was redesignated in 1946 
as the Army Institute of Pathology, a name 
more suited and befitting the missions and 
functions incident to professional and scien- 
tific advancement. 

Recognizing the Army Institute of Pa- 
thology as a national organization, on July 6, 
1949, following closer integration of the 
armed services, the present designation was 
adopted, namely, the Armed Forces Insti- 
tute of Pathology of the Department of De- 
fense. 

During these many progressive and fruit- 
ful years, the original concept has led to the 
creation of an institute of pathology second 
to none. This current position and standing 
of the Armed Forces Institute of Pathology 
is the culmination of the wisdom and fore- 
sight of many, and the work of superior staff- 
ing throughout the years, together with the 
ardent support of the various Surgeons Gen- 
eral and their assistants. 

The move to the new and ultra-modern 
building was completed in February, 1955, 
without any perceptible loss of time in ful- 
filling the missions of the institute. 

The new quarters were formally dedi- 
cated on May 26, 1955, and the staff of the 
Armed Forces Institute of Pathology was 


honored to have the President of the 


United States, Mr. Dwight D. Eisenhower, 
deliver the Dedication Address. The Presi- 
dent of the United States was introduced by 





A.F.1.P. Photo 


Cot. RatpH M. THompson, USAF (MC) 
Deputy Drrecror 


Honorable Charles E. Wilson, the Secre- 
tary of Defense. 

Three months to the day following the 
creation and issuance of the historical Sur- 
geon General’s Circular 2, War Department, 
dated May 21, 1862, the Armed Forces In- 
stitute of Pathology, which we know today, 
became a physical reality under the direction 
of Major John H. Brinton. The Museum 
then consisted of three dried and varnished 
specimens resting on a small shelf above the 
inkstand on the desk of the newly appointed 
curator, Major Brinton. There were a few 
preparations of human anatomy such as sev- 
eral human crania, a skeleton, two primi- 
tive wax injections demonstrating the vascu- 
lar system, and some plaster casts and draw- 
ings which were also in the office of the 
Surgeon General. 

From this modest beginning, the Armed 
Forces Institute of Pathology today houses 
over 700,000 accessions, comprised of surgi- 
cal specimens, complete autopsy data and 
specimens, and allied pathology material, all 
of which is filed for teaching, research, and 
posterity. 

The missions and functions of the Armed 
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Forces Institute of Pathology are unlike 


anything existing in the world at the present 
time; and it is a milestone in the advance- 
ment of pathology and medicine in general. 

The new building, located on the grounds 
of the Walter Reed Army Medical Center, 
provides a medium for all pathologists who 
search for new knowledge in the conquest of 
diseases and the causes of death. From ad- 
vancement of this knowledge in regard to 
cause and effect, it will be possible to insti- 
tute newer and more efficient therapeutic 
approaches, all of which will safeguard and 
improve the health, education, and welfare 
of all citizens and especially of those who 
are members of the Armed Services. 

The Armed Forces Institute of Pathology 
is further defined and established by the cur- 
rent Department of Defense Directive 
5136.5 dated August 6, 1953, pursuant to 
authority vested in the Secretary of Defense 
by the National Security Act of 1947, as 
amended. The responsibilities, functions, 
and relationships are clearly designated and 
set forth as a joint agency of the three mili- 
tary departments under the authority, direc- 
tion, and control of the Secretary of De- 
fense with the Secretary of the Army as the 
management agent. Under existing regula- 
tions the policy direction regarding medical 
and allied activities of the Armed Forces In- 
stitute of Pathology is vested in the Board 
of Governors which consists of the Sur- 
geons General of the Army, the Navy, and 
the Air Force or their respectively desig- 
nated alternates who, in the absence of the 
principals, are authorized to act or speak for 
them. 

Located on the grounds of the Walter 
Reed Army Medical Center incident to Con- 
gressional action (Bill H. R. 6478) amend- 
ing Public Law 626, Eightieth Congress, in 
1950, the current position of the Armed 
Forces Institute of Pathology is perhaps 
best defined by Major General Leonard D. 
Heaton, MC, USA, the Commanding Gen- 
eral of the Center. Before his key staff 
members, on August 13, 1954, a meeting 
also attended by representatives of the Sur- 
geon General of the Army, Commanding 
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General, Military District of Washington, 
and the Directorate of the Armed Forces 
Institute of Pathology, he stated the follow- 
ing, which is based upon existing directives: 

“It should be made plain at the outset that 
the Armed Forces Institute of Pathology is 
basically a tripartite organization—Army, 
Navy, and Air Force. It is a separate, dis- 
tinct class 2 organization under administra- 
tive jurisdiction of the Surgeon General of 
the Army and under the command of the 
Director. Although the Armed Forces In- 
stitute of Pathology will be physically lo- 
cated on the Post at Walter Reed, the only 
command responsibility that will be exer- 
cised by the Center will be of necessity in 
those areas of administration and logistical 
support, the responsibility for which has 
been laid down in SGO Administrative Let- 
ter 1-6. In so far as those areas are con- 
cerned, the Director of the Armed Forces 
Institute of Pathology will co-ordinate his 
activities with the Center command.” 

ORGANIZATION 

The Director of the Armed Forces Insti- 
tute of Pathology, a member of one military 
service, is assisted by two deputy directors, 
each representing the other two military de- 
partments. This trio of officers comprises 
the Directorate. He is further assisted by a 
professional, technical and clerical staff con- 
sisting of medical service or medical depart- 
ment officers and other military personnel 
of the Army, the Navy, and the Air Force, 
and also such civilian personnel, which in- 
cludes consultants and experts, which he, 
with the approval of the Secretary of the 
Army, as management agent, determines is 
necessary. 

With the continued concurrence of the 
board cf governors and the approval of the 
Secretary of the Army, the Director is also 
aided by a Scientific Advisory Board of 
Consultants appointed by the Secretary of 
the Army for a term not to exceed five years. 
These members are eminent specialists of the 
medical, dental and veterinary profession. 

The Armed Forces Institute of Pathol- 
ogy, by its charter, serves as a central lab- 
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oratory of pathology for the Department of 
Defense and such other Federal agencies 
agreed upon by the Secretary of Defense 
and the head of the agency concerned. It is 
designated as a self-contained and independ- 
ent institution. The Veterans Administra- 
tion and the United States Public Health 
Service have been included in this service, 
and more recently the Atomic Energy Com- 
mission and the Atomic Bomb Casualty 
Commission. The Armed Forces Institute of 
Pathology also functions in co-operation 
with the National Research Council in con- 
nection with the operation of the 22 regis- 
tries of special pathology under the Ameri- 
can Registry of Pathology, which is one of 
its major components (see Table 1). Also, 
the Armed Forces Institute of Pathology 
along with the National Research Council’s 
Subcommittee of Oncology, under the Com- 
mittee on Pathology, is charged with the 
responsibility of the completion of the Atlas 
of Tumor Pathology, a work which is in- 
ternationally known. The latter-mentioned 
Federal Agencies, which comprise the total 
complement, furnish certain professional, 
subprofessional, and clerical personnel thus 
rounding out for the most part the existing 
family. To arrive at the total personnel fig- 
ure certain Fellows, sponsored by national 
medical organizations and a varying number 
of volunteer workers, must be included. 
Some of the latter are from foreign coun- 
tries. 
FUNCTIONS 

The principal responsibilities and func- 
tions of the Armed Forces Institute of 
Pathology under established and fixed pol- 
icy are as follows: 

1. Maintain a consultation service for the 
diagnosis of pathologic tissue for the De- 
partment of Defense, other federal agencies 
and for civilian pathologists and serve as 
the chief reviewing authority on the diagno- 
sis of pathologic tissue for the Army, Navy, 
and Air Force. 

2. Conduct experimental, statistical, and 
morphological researches in the broad field 
of pathology, including correlation with 
such other medical specialties as will enable 
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the Institute to effectively pursue its re- 
search projects. 

3. Provide instruction in advanced pa- 
thology and related subjects to medical, 
dental, and veterinary officers of the Armed 
Forces and, based on availability of facilities 
to such other qualified professional persons 
who are authorized to study or receive 
graduate instruction at the Institute. 

4. Train qualified and approved enlisted 
personnel of the Armed Forces in patho- 
logic technics and in relevant medical photo- 
graphic, medical arts, and museum activi- 
ties. 

5. Prepare or otherwise procure and du- 
plicate teaching aids such as sets of micro- 
scopic slides, photographic material, medi- 
cal visual aids, or other texts illustrating the 
pathology of the various special medical 
fields used in the training of Armed Forces 
personnel. 

6. Donate or loan duplicate pathologic, 
photographic, and other educational material 
to other Federal medical services, museums, 
medical schools, scientific institutions, and 
to qualified persons connected with medical, 
dental, or veterinary professions, when de- 
termined appropriate and practicable. 

7. Operate the American Registry of 
Pathology as a co-operative enterprise in 
medical research and education between the 
institute and civilian medical profession un- 
der such conditions as may be agreed upon 
between the board of governors and the Na- 
tional Research Council. 

8. Maintain a medical illustration service 
for the collection, preparation, duplication, 
publication, exhibition, reference, and_ file 
of medical illustrative material of medical 
military importance, except original motion 
picture footage, primarily for the support 
of programs of the Institute, but which may 
be made available to the medical services of 
the Armed Forces, other Federal agencies 
and qualified persons, when determined ap- 
propriate and practicable. 

9. Maintain medical museums for the in- 
struction of qualified and authorized persons 
and display openly selected museum exhibits 
to the lay public. 
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10. Perform such other related functions 
as may be assigned from time to time. 

From its beginning in 1862 until 1920, the 
major mission of the museum was collection 
and display. This emphasis was very impor- 
tant and necessary, and this concept laid the 
foundation for the structure that exists to- 
day. 

In 1920, Major (now Brigadier General, 
USA, Ret.) George Russell Callender, an 
eminent and distinguished physician and 
pathologist, and an outstanding medical ad- 
ministrator with great wisdom and _ fore- 
sight, lifted the Armed Forces Institute of 
Pathology from a depot for the collection of 
morbid anatomical specimens to an institu- 
tion actively participating in the study of 
living pathology, pathologic research, and 
pathologic education. He launched the great- 
est and most dynamic pathologic center in 
the world. By his untiring effort and great 
medical vision, various directives were 
modernized and changed so that complete 
autopsy data and material and_ surgical 
biopsy material were required to be sent in 
for study, statistical research, and perma- 
nent files. In 1920, the then Major Callender 
initiated the first steps, with the co-opera- 


tion of a group representing the American 
Academy of Ophthalmology, toward the or- 
ganization of a registry of ophthalmic 
pathology, where pathology relative to the 
eye could be collected and cases followed 
for study and research. Thus was born the 
first of the 22 registries of pathology, and 
subsequently the American Registry of 
Pathology under the auspices of the Na- 
tional Research Council. 

The concepts promulgated by 
Callender in 1920 have been ably carried on 
by the successive curators and directors, to- 
gether with the help and co-operation of 
their competent and efficient staffs. 


General 


Mayor DEPARTMENTS 
The Armed Forces Institute of Pathology 
now comprises five major components: the 
Department of Pathology; the Medical II- 
lustration Service ; the American Registry of 
Pathology; the Medical Museum; and the 
Administrative Services. 


DEPARTMENT OF PATHOLOGY 


With increased space, modern laboratories 
and equipment, together with other facili- 
ties, the Department of Pathology is com- 
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pletely activated including, in addition to 
the Pathology Division, the Basic Labora- 
tories Division and the Dynamic Pathology 
Division. Doctor Ernest W. Goodpasture, for 
many years the Professor of Pathology and 
former Acting Dean of the School of Medi- 
cine, Vanderbilt University, is now the Sci- 
entific Director of the Department of Pa- 
thology. The principal functions of the de- 
partment comprise diagnostic consultative 
services in pathology, an advanced teaching 
program and experimental studies in pathol- 
ogy and the ancillary services. 

The Pathology Division is further sub- 
divided into seven major branches, each 
comprised of one or more pathology sub- 
specialties. Each of these branches or pro- 
fessional specialties are headed by one or 
more pathologists of professorial rank and 
standing, and a staff of able assistants. The 
principal pathology sub-specialties are skin 
and gastro-intestinal, otolaryngic, pediatric 
and nutritional, hepatic, respiratory, soft tis- 
sue, cardiovascular, reticuloendothelial, gen- 
ito-urinary, gynecologic, obstetric and 
breast, endocrine, infectious diseases, foren- 
sic, war wounds, geographic, orthopedic, 
neuropathologic, ophthalmic, radiation in- 
jury, dental and oral, and veterinary. 

All of these activities round out an excel- 
lent and complete pathology program and 
permit expansion from a limited morpho- 
logic and statistical approach. The sciences re- 
lated to pathology are now represented and 
complete the pathology team. Each of the 
ancillary disciplines are staffed by compe- 
tent scientists and assistants. 

With the completion of the aforemen- 
tioned department of pathology, the experi- 
mental, statistical, and morphologic research 
on diseases and injuries of medicomilitary 
importance will be accelerated and profes- 
sional education and training will be more 
complete and definitely expanded to maxi- 
mum efficiency. 


AMERICAN REGISTRY OF PATHOLOGY 


The history of the Registry of Pathology 
has been mentioned previously. This De- 
partment has often been referred to as the 
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true civilian component of the Armed 
Forces Institute of Pathology. For the past 
several years Doctor Hugh G. Grady has 
been the Scientific Director of the American 
Registry of Pathology. At the present time 
the American Registry of Pathology com- 
prises 22 registries, each sponsored by a na- 
tional medical society and operates as pre- 
viously mentioned, under the auspices of the 
National Research Council (Table 1). 

During the calendar year 1953, 77,612 ac- 
cessions were received, 21,537 of which 
were autopsy and 56,075 surgical biopsy 
specimens. The latter included 579 from the 
Atomic Bomb Casualty Commission in 
Japan. During the first six months of 1954 
there was a seven and one-half percent in- 
crease in accessions over the same period in 
1953. 

The source of accessions reflects the 
spread of the workload from contributors. 
Fifty-two percent of the accessions were re- 
ceived from the armed services, while 27 
percent were from the Veterans Adminis- 
tration, 13 percent from civilian sources 
through the various registries, and 8 percent 
were from other Federal agencies, such as 
the United States Public Health Service, 
Atomic Energy Commission, Atomic Bomb 
Casualty Commission, Federal Bureau of 
Investigation, etc. 

A registry as described by Colonel Ash 
is... “a central agency for the collection of 
pathologic material and related clinical, lab- 
oratory, x-ray and other data in a specified 
field of pathology so organized that the cases 
can be properly processed and made available 
for study and research. Living patients are 
followed periodically so that eventually a 
sufficient number of life histories of patients 
with the particular condition can be accumu- 
lated to form the basis for definitive studies.” 

These studies include morphologic and 
statistical analyses, the establishment of the 
diagnostic and prognostic criteria and the 
evaluation of treatment. 


MepicaL Museum 


The present medical museum, which was 
the parent and nucleus of the now existing 
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TABLE 1. AMERICAN REGISTRY OF PATHOLOGY 


Registries 


Bladder tumor 
Cardiovascular pathology American 
Chest tumor 

Dental and oral pathology 
Dermal pathology 
Endocrine pathology None 
Genito-urinary pathology 
Gerontology 

Hepatic pathology 
Kidney tumor 

Leprosy 

Lymphatic tumor 
Neuropathology 


American Psychiatric Association 


Nutritional pathology 
Musculo-skeletal pathology 
Ophthalmic pathology 
Otolaryngic pathology 
Prostatic tumor 


Radiologic pathology 


American Roentgen Ray Society 
Radiologic Society of North America 


Tumors of female reproductive 
system 
Tumors of gastro-intestinal tract 


Veterinary pathology . 


Armed Forces Institute of Pathology, has 
two principal functions: one to exhibit and 
illustrate disease and medical problems to 
the lay public, and the other to collect and 
prepare gross pathologic material for teach- 
ing the medical professions. 

Medical items and data of professional 
historical nature are collected and cata- 
logued by the Museum staff and from time 
to time parts of these collections are exhib- 
ited as well as sent out on loan for exhibit 
purposes. 

It is interesting to note that over 150,000 
people visited the museum in the calendar 
year 1954, and this should be exceeded in 
1955. 


the lay public, by Congressional edict, this 


Because of this educational value to 


activity remains in quarters 
across the street from “The Old Brick Build- 
at 7th Street and Independence Av- 


temporary 


ing” 
enue, S.W., which famous edifice was the 
parent nucleus since 1887. Steps are now 





American Urological Association 

Heart Association, Inc. 

American Association for Thoracic Surgery 
American Dental Association 

American Academy of Dermatology and Syphilology 


American Urological Association 

Gerontological Society 

American Gastroenterologic Association 

American Urological Association 

Leonard Wood Memorial 

American Association of Pathologists and Bacteriologists 
American Association of Neuropathology 


American Institute of Nutrition 

American Society of Clinical Pathology 

American Academy of Ophthalmology and Otolaryngology 
American Academy of Ophthalmology and Otolaryngology 
American Urological Association 

American Cellege of Radiologists 


American Society of Clinical Pathology 
American Society of Clinical Pathology 
American Veterinary Medical Association 


Date 


established 


Sponsor 


1927 
1948 
1940 
1933 
1937 
1948 
1947 
1945 
1949 
1938 
1950 
1925 
1942 
1942 
1951 
1943 
1922 
1935 
1943 
1947 
1947 
1947 


1952 
1952 


1944 


being taken to establish the Medical Mu- 
seum into permanent quarters in keeping 
and in step with the proposed new look for 
the Institute. In the new 
building space is provided for the profes- 


Smithsonian 


sional teaching material and laboratories for 
the investigation of methods for preserving 
and mounting specimens. Colonel Hugh R. 
Gilmore, MC, USA, is the present Curator 
of the Museum. 
MeEpIcaL ILLUSTRATION SERVICE 

The Medical Illustration Service had its 
beginning at a time when the medical photo- 
graphic arts were in their infancy. A photo- 
graphic section was added to the old Army 
Medical Museum as early as 1864. At that 
time. the Museum collection contained 3,500 
specimens. Today there are approximately 
one million photographic items in the illus- 


tration library alone. 
The present Chief is Mr. Herman Van 
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PLATE 2 








Fic. 3. Histopathology laboratory 


Cott and the Assistant Chief is Mr. Klyde 
E. Kraft, formerly Lt. Colonel, MSC. There 
are 91 people assigned to the Medical Il- 
lustration Service and with its operating 
units in all fields of medical illustration it is 
well equipped and qualified to fill the as- 
signed needs of the Armed Forces Institute 
of Pathology and the medical services of 
the Army, Navy and Air Force, or to serve 
as a nucleus and prototype for a Medical 
Illustration Service on any scale that the 
needs of the Armed Forces may dictate. 
The Medical Illustration Service consists 
of four divisions: photography, printing, 
training aids and scientific illustration. It 
is maintained for the collection, preparation, 


duplication, publication, exhibition, refer- 
ence, and file of medical illustrative material 
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Fic. 2. Pathology teaching 





Fic. 4. American Registry of Pathology publications 


of both medicomilitary and general profes- 
sional importance. Though primarily for the 
purpose of supporting the educational and 
research programs of the Armed Forces In- 
stitute of Pathology, the facilities of the 
medical illustration service are made avail- 
able to the medical services of the Army, 
Navy, and Air Force and to such other 
Federal and civilian agencies or individuals 
as may be approved by the Director. The 
functions of the medical illustration service 
are: 

1. Maintain a permanent central file of 
photographic negatives, color transparen- 
cies, photomicrographs, roentgenograms, 
drawings, and similar materials, illustrating 
diseases, wounds, and injuries of military 
importance and selected professional activi- 
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Fic. 3. 


Machine Records 


ties of the medical departments of the armed 
forces. This file is a permanent illustrative 
record of important medical activities and 
progress, and may be used for illustrating 
scientific articles and reports, the prepara- 
tion of scientific exhibits, audio-visual aids, 
and the publication of atlases and other 
pathology texts required for the training 
programs of the armed services. 

2. Maintain adequate facilities for clini- 
photomicrography, and 
medical arts for the Armed Forces Institute 


cal photography, 


of Pathology, and supervise similar activi- 
ties in designated medical installations of 
the Army, Navy, and Air Force as indicated 
herein, or as may be directed by the Sur- 
geons General of the separate services. 

3. Maintain and operate a training-aids 
library containing duplicate prints of mo- 
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PLATE 3 


Fic. 4. Medical Photography 
tion picture footage on clinical subjects, “re- 
lease prints” of official films and film strips, 
and a sample collection of photographic 
records of other Army, Navy, and Air Force 
official medical training aids for the Armed 
Forces Institute of Pathology. 

4. Provide facilities for training in medi- 
cal illustration and medical photographic 
technics for personnel of the armed forces 
and such other individuals as may be ap- 
proved by the Director. 

5. Maintain technical reproduction facili- 
Armed 
and il- 


ties for printing and publishing the 
Forces Institute of Pathology texts 
lustrations, 

6. Secure, prepare or arrange all details 
in connection with the production of audio- 
visual training aids for the Armed Forces 
Institute of Pathology. 
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7. Arrange and accomplish all details 
relative to Armed Forces Institute of Pa- 
thology displays presented in the Institute, 
and at state, national, and military meetings 
and conventions. 

8. Conduct researches in all phases of 
medical illustration. 


ADMINISTRATIVE SERVICES 


The newly created Administrative Sery- 
ices and fifth major component of the 


Armed Forces Institute of Pathology was . 


created to aid and support the professional 
services and personnel, and handle, as far as 
possible, all routine administrative detail. 
The Chief of this service is Lt. Colonel 


William T. Gaudy, MSC, USA. The activ- 
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ity is divided into the following: planning, 
professional services, management, technical 
liaison, supply and services, and the Adju- 
tant and staff. 

The new Armed Forces Institute of Pa- 
thology building is for the most part con- 
structed of reinforced concrete and is one 
of the few blast-resistant buildings built to- 
day. It has been designed for utility and 
flexibility to cope with the growth essential 
to meet advancing requirements incident to 
newer approaches and ever-changing de- 
mands of research, education and consulta- 
tion, all of which are destined to lessen the 
burdens and complexities of human suffer- 
ing and to promote better understanding of 
mankind in relation to health, well-being 


and longevity. 


PLATE 4 








. Photomicrography 





Fic. 4. Exhibit construction 
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Sitting Left to Right—Doctor Hugh G. Grady, Scientific Director, American Registry of 
Pathology, Colonel Hugh R. Gilmore, Jr., MC, USA, Curator, Medical Museum. 
Standing Left to Right—Mr. Herman Van Cott, Chief, Medical Illustration Service, 
Lt. Colonel William T. Gaudy, MSC, USA, Chief, Administrative Services. 


It is altogether fitting that this Armed 
Forces Institute of Pathology building be 
located on the grounds of the Walter Reed 
Army Medical Center, joining together in 
the beautiful 
schools and research laboratories. Thus the 


one area hospital, clinics, 
scientists, in collaboration with these exist- 
ing facilities, acquire a new and powerful 
tool in their endless struggle to control the 
scourges of disease. 

This truly national institution is an in- 
valuable medium and asset to all people. It is 
the climax of an original concept held by 
the men who founded it, and supported by 
leading pathologists and scientists today. 
Institute of 
Pathology structure the routine activities 


In this new Armed Forces 


heretofore performed, together with the ac- 
tivation of ancillary scientific disciplines, 





will permit expansion and will lead to 
greater activities in the field of experimental 
pathology, pathologic research, and medical 
education. Regarding the latter much will be 
accomplished through the medium of the in- 
corporated closed-circuit color television 
system, designed for expansion with the 
availability of new and improved equipment. 
The television studio with its two-story ceil- 
ing height is most modern and impressive as 
are all of the other laboratories. 

Dr. Melvin A. Casberg, former Assistant 
Secretary of Defense (Health and Medi- 
cal), in his address delivered at the corner- 
stone-laying ceremony on October 20, 1953, 
stated: “As we gather in the shadow of this 
modern edifice some may measure its great- 
ness in terms of concrete tonnage or the 
dollar cost per square foot, but I choose to 
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measure it in terms which do not lend them- 
selves readily to the computations of an add- 
namely by the countless num- 





ing machine 
ber of human lives saved and by the suffer- 
ing and misery alleviated. ... As I spread 
the mortar which will unite the cornerstone 
with this building, it shall be my prayer 
that all our medical resources, civilian as 
well as military, similarly shall be cemented 
in a united fight against disease and for the 
preservation of our country.” 
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(Director). Col. Ralph M. Thompson, MC, USAF (Deputy). 


Change of Status 
Brig. Gen. DeCoursey is now Commandant Medical Field Service School, Brooke Army Medical Center, 
Fort Sam Houston, Texas. Capt. Silliphant is now Director of the Armed Forces Institute of Pathology. 


Col. Thompson has retired. 











New Horizons* 


By 


Dr. WENDELL M. STANLEY 


General DeCoursey’s Introductory Remarks: 


Ladies and gentlemen, this is the night for the 
dedication lecture. I am delighted to have you here 
tonight. We are delighted to have such a speaker 
with us tonight. Doctor Wendell M. Stanley is 
the Director of the Virus Laboratory at the Uni- 
versity of California and also Professor of Bio- 
chemistry at that Institution. He is a native of In- 
diana. He planned at one time to become a football 
coach, and I think it looks like he could play a good 
brand of football too, but fortunately for humanity 
he continued on with the pursuit of science. 

The first time I personally heard Doctor Stanley 
was: in 1935 at a meeting of the Association of 
Pathologists and Bacteriologists. I found that he 
had a rare sense of humor. Doctor William Boyd 
teased him because he was working with plants. 
He pointed out that the people in medicine had a 
vascular system, a blood system, to work on. Doctor 
Stanley immediately arose to the occasien and said 
he didn’t have a blood system but he had a sap 
system, which came in very handy. 

If you remember, about that time he was working 
on tobacco mosaic virus and presenting data to indi- 
cate that tobacco mosaic virus was a chemical and 
could be crystallized. It wasn’t fully, let’s say en- 
thusiastically, accepted. We could go the other way 
and say that there was probably quite a bit of 
scepticism as there is and should be in scientific 
pursuits. Fortunately, confirmative evidence was not 
long in coming to show the validity of this conclu- 
sion. As you well know the Nobel Prize was 
awarded to Doctor Stanley. After you’ve said he got 
the Nobel Prize, really what more can be said? But 
he has a long list of honors, probably all the chemi- 
cal honors in the field. Every prize that I can think 
of in chemistry I believe he has. His contributions 
to the field of virology are tremendous. In the last 
few years I have had the good fortune to sit wih 
him on a Cancer Council. I think he is also a scien- 


tific statesman. 


SHOULD first like to thank General 
DeCoursey for his kindness in asking 

me to participate in the dedication cere- 

* A lecture delivered at Walter Reed Army Medi- 
cal Center, Washington, D.C. on the occasion of 
the dedication of the Armed Forces Institute of 
Pathology Building, May 26, 1955. Charts and illus- 


trations mentioned are not reproduced. 
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monies of this truly new, magnificent Insti- 
tute. | suppose a great many of you, as I, 
spent the afternoon inspecting the new 
laboratories and you must have been im- 
pressed as I was with the fact that this 
Institute was unusually well planned, is ex- 
cellently equipped, and perhaps most im- 
portant, has evidence already of a very 
dedicated staff. This combination, of course, 
will be hard to beat, and as the time goes 
along I know that great things will come 
from this Institute. I would like to take this 
occasion to congratulate General DeCoursey 
and his colleagues on this day and their In- 
stitute and on the future achievements that 
will come from this Institute. 

Having dedicated a Biochemistry and 
Virus Laboratory a little less than three 
years ago at Berkeley in California, I am 
fully aware of the labor pangs that must be 
associated with such an enterprise and 
hence, I have strong feelings of sympathy 
for General DeCoursey and for Mrs. 
DeCoursey. 

The organization that has been honored 
today is 93 years of age. Actually the Insti- 
tute as a modern organization seems to have 
had its beginning only in about 1920, when 
General Callender changed it from a deposit 
for pathological specimens and instituted a 
program of research and education. This 
program, as I understand it, has been fol- 
lowed and expanded by Doctors Ash, Me- 
Nabb, Cornell, Dart and, of course, recently 
by the present Director. 

I have learned that, from a so-called Mu- 
seum of Pathology, it has been converted 
into an active working Institute receiving 
the phenomenal number of over seventy-five 
thousand specimens a year. It holds a per- 
manent file of over seven hundred thousand 
specimens against which all incoming ma- 
terials can be compared. I have also learned 
in reading a book and hearing things today 
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that the Institute not only serves the Armed 
Forces but serves the Veterans Administra- 
tion, United States Public Health Service, 
the FBI, and various civilian organizations 
and it serves importantly in operating the 
American Registry of Pathology. 

I was a little surprised then, not too long 
ago, when with the record I have just indi- 
cated, I heard an apparently discordant note. 
Believe it or not, the Armed Forces Institute 
of Pathology was called a subversive organi- 
zation. (Laughter) 

I know that is not a nice name to use here 
in Washington, so since I was coming here I 
decided to look into the organization a bit. 
I find that it is run by a Board of Governors, 
consisting of the Surgeon General of the 
Army, the Surgeon General of the Navy, 
and the Surgeon General of the Air Force, 
and then I found that the apparent subversive 
activity consisted of proving that the Army, 
Navy, and Air Force could cooperate. 
(Laughter ) 

In any case the AFIP is certainly a shin- 
ing example of cooperative effort and un- 
doubtedly much of the goodness from this 
cooperative effort must stem from its series 
of excellent Directors. I happen to know 
only two of them personally, General Cal- 
lender and General DeCoursey, but I appre- 
ciate and I admire them. 

I have found General DeCoursey just a 
little on the venturesome side. Witness per- 
haps my presence here this evening. It would 
have been the safe and reasonable thing to 
have had an eminent pathologist address you 
this evening, and for those of you who are 
not aware, those of you who may have come 
here under a bit of misapprehension, I am 
not a pathologist. I happen to be a biochem- 
ist or more recently perhaps a virologist. So, 
General DeCoursey took what in my opinion 
is one of those chances, but I believe perhaps 
he was warranted in taking this chance, not 
because of the speaker, but because of the 
successful operation of the Institute. Here 
it is rolling along with over 75,000 speci- 
mens coming in; they are all being worked 
over efficiently and wonderfully. Why should 
he concern himself with the every day pa- 
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thology? He obviously set his eyes on the 
horizon and, in fact, almost helped me select 
the title for this evening. 

I think General DeCoursey could see the 
possibility of a new kind of pathology which 
might become of importance some years 
hence. In my own case I am not at all sure 
that what is coming is really pathology. If 
you call a change from the normal at the sub- 
cellular level, pathology, then what I expect 
to talk about this evening is pathology. 

As I recognize it, it is a sort of combina- 
tion of pathology, of biology, of anatomy, 
of genetics, of biochemistry and even phi- 
losophy. I believe that proper solutions to a 
great many of our medical problems, the 
cancer problem, for example, vaccine prob- 
lems, even problems having to do with 
poliomyelitis vaccine, even life itself and 
perhaps even the destiny of all living 
things on earth, are at this level about which 
I propose to speak this evening. 

The present day importance of patholo- 
gists has come about for good reasons. The 
diagnosis of tissue, the recognition of dis- 
ease, has become of great importance and 
particularly the cancer field, but about the 
turn of the century the pathologist came up 
against a problem which he failed to solve. 

About the turn of the century there was a 
something discovered that acted like a cell, 
but try as he would the pathologist could not 
find this cell. This something or other that 
acted like a cell would pass filters which were 
known to hold back all of the living organ- 
isms then known, all of the cells then known, 
and this something would cause disease 
when then applied to certain other suscepti- 
ble cells. During the disease producing proc- 
ess it would be multiplied many millions of 
times over. Here was a real challenge to the 
pathologist. He looked and he looked and he 
looked but he could find nothing in ‘he fil- 
trate from the so-called bacteria proof filter. 

This very mysterious something turned 
out to be a virus, and for a definition of a 
virus we have to know first, that it is very 
small. It is smaller than the accepted living 
cells. It can cause disease when it multiplies 
in certain living cells. 
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During the multiplication of this some- 
thing in cells it occasionally changes and 
adapts. This we call mutation and this can 
cause a slightly different disease. Those of 
you who are well trained in science recog- 
nized these characteristics at those of living 
cells. The pathologist examining virus in- 
fected tissues could see obvious indications 
of disease, yet he found no infectious agent. 

To give you some idea of the range cf 
sizes about which I have been speaking | 
present a chart (not reproduced), which 
covers all of the sizes of all the viruses 
which have been found and goes from the 
upper range of the red blood cell down to 
the egg albumen molecule. In between this 
area are these little mysterious somethings 
which were discovered at the turn of the cen- 
tury—the viruses. Note that they overlap 
with accepted cells or accepted living organ- 
isms. 

We also have the pleuropneumonia organ- 
ism, a cell which can be cultivated on artifi- 
cial media. There is presented too an accept- 
able protein molecule or the hemocyanin 
molecule, and many important viruses, 
yellow fever, loping ill, Japanese B enceph- 
alitis and so forth. 

These mysterious somethings that are il- 
lustrated were not susceptible to isolation by 
means known to the pathologist in the days 
at the turn of the century. It was found, 
however, that using the ordinary methods 
of the chemist, salting out procedures and 
others, that it was possible to isolate a ma- 
terial which was first obtained in the form 
of long needle-like crystals. This material 
was found to consist of a nuclear protein like 
nucleic acid, which goes to make up the 
chromosomes that all of you have in your 
cells; and of a protein like the white of an 
egg which is structurally a little different. 

Crystals of tobacco mosaic virus are il- 
lustrated and another virus which has been 
obtained in the form of beautiful dodecahed- 
ric crystals. The magnification in both cases 
is very low, probably no more than a couple of 
thousand diameters. These crystals are al- 
most large enough to be seen by the naked 
eye. We were greatly interested in learning 





about the nature of the material in these 
crystals. Fortunately, about 1940 the elec- 
tron microscope came on the scene and for 
the first time it became possible to see a pro- 
tein or a nucleoprotein molecule. 

Microphotographs taken with the electron 
microscope show at an extremely high mag- 
nification some of the individual rods, hun- 
dreds of thousands of which go together to 
make up the needle-like crystals of virus. 
These are fifteen millimicrons in cross sec- 
tion and three hundred millimicrons in 
length. To give you some idea of the size of 
these in real life—if a hundred thousand of 
these crystals were put together end to end, 
they would equal one inch. 

Electron microphotograph of the dodeca- 
hedric crystals shows the individual particles 
which go to make up the tomato bushy stump 
virus. They can aggregate to form a solid 
crystalline mass. 

Now, to bring you to something which is 
of current interest, at least in the news- 
papers, I show the poliomyelitis virus par- 
ticles. It is shown by a remarkable new tech- 
nique known as the spray drop technique 
developed by Professor Williams in our 
Virus Laboratory. With this technique 
known amounts of polystyrene latex particles 
are mixed with known volumes of the virus, 
in this case poliomyelitis virus. This mixture 
is sprayed upon a free surface and the par- 
ticles are examined under the electron micro- 
scope. The particles are counted and the ratio 
of the two types determined. It is then pos- 
sible with this information to estimate the 
amount of virus present and to do a variety 
of experiments which enable you to prove 
beyond a reasonable doubt that the polio- 
myelitis virus activity is associated with the 
smaller particles. 

Surprisingly enough at a higher magnifi- 
cation poliomyelitis virus appears in a crys- 
talline array. So far we have not been able 
to achieve a three dimensional crystal of 
purified poliomyelitis virus, but we are grad- 
ually accumulating somewhat larger amounts 
of highly purified poliomyelitis virus. I see 
no reason why at some time in the not too 
distant future, it should not be possible to 
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obtain a three dimensional crystal of this 
particular human virus. 

Another virus is the bacteriophage, which 
has a new property that I find difficult to 
describe. It is hardly chemistry; it borders 
more nearly on anatomy, because we will go 
into the detailed structural elements of this 
particle. There are several different bacterio- 
phage particles including T-2 phage and T-3 
phage. Some of these have a little tail on the 
end, The process of infecting seemingly con- 
sists of extruding something from the inside 
of this particle into the cell to be attacked. 

Tobacco mosaic virus is shown on the 
same scale, as is an orchid virus which is 
causing considerable difficulty amongst orchid 
growers. This is somewhat similar to the 
tobacco mosaic virus but differs in that it 
tends to be less rod-like in shape. This virus 
interferes seriously with the flowers (and 
is a menace to the orchid grower). 

The influenza virus was an extremely im- 
portant virus at one time. This virus is the 
one that we worked with considerably during 
the last war. When we went into World War 
II there was no satisfactory vaccine against 
influenza. This was important. Few people 
know that in 1918 this nice fluffy almost cot- 
tony appearing virus caused one of the 
greatest outbreaks of disease within recorded 
history. Five hundred million people had in- 
fluenza in the winter of 1918 and I believe 
about fifteen million of these died. I think the 
records will show that in the United States 
alone we lost four hundred thousand people 
in that winter. For a proper perspective one 
only has to realize that we lost on the battle- 
field of two great world wars approximately 
this same number. It is also a remarkable 
fact that in 1918 this virus was unknown. In 
1918 the cause of influenza was unknown 
and it was not until about 1930 or 1931 that 
Doctor Shope found a strain of this virus 
causing a disease in swine. A year later An- 
drews and his colleagues in England showed 
that the human disease was also caused by 
the virus. In 1918 the influenza virus was an 
invisible and, in fact, an unknown enemy at- 
tacking this country in time of war. 

Today we can take as an example the 
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inordinate concern which is now given to 
poliomyelitis. From a disease standpoint it is 
something which is almost insignificant com- 
pared to the havoc which was wreaked in 
1918 by influenza virus. Actually, I believe 
the medical records will show that polio- 
myelitis is far down the list so far as killing 
viruses are concerned. Even tuberculosis 
causes more deaths amongst children. Cer- 
cancer, leukemia, and other 





tain diseases 
cause in some cases two 





childhood diseases 
times and some cases three and even four 
times a greater death rate amongst children. 

Another virus of interest is one which 
causes a cancer in rabbits. The rabbit papil- 
loma virus was discovered by Doctor Shope. 
In the wild rabbits it causes a benign papil- 
loma, but when introduced into domestic 
rabbits it causes a papilloma which usually 
progresses and becomes a cancer. This offers 
unusual experimental opportunities and, of 
course, a variety of scientists are working 
with this particular virus. 

These virus particles are the agents which 
stymied not only the pathologist, but other 
investigators as well, at the turn of the cen- 
tury. These are generally smaller than ac- 
cepted living organisms, yet they have the 
attributes of life in that they can infect cells 
and multiply, reproduce their kind. They 
have the very special attribute of being able 
to change or mutate as they grow. 

The anatomy or the pathology of these 
agents presents a high challenge which must 
be accepted. I have already indicated that I 
regard pathology as the study of something 
which is a little different from the norm. 
This I think throws us immediately into the 
area of mutation, because when a cell or a 
gene or a genetic unit changes or mutates you 
get something which is different from that 
which preceded it. We have some very inter- 
esting results in the virus field which may 
provide a considerable amount of evidence 
concerning the nature of mutation. We can 
work with certain viruses to much better 
advantage than others and I have selected 
some plant viruses as a means of illustrating 
this next point. 

We have an opportunity to show you in 














196 Military Medicine—September, 1955 


the plant virus field the evidence of a muta- 
tion directly before your eyes. A mosaic 
diseased Turkish tobacco leaf may become 
infected with ordinary tobacco mosaic virus. 
Throughout most of the leaf there is the 
ordinary green mottling, yet a yellow spot 
or a white spot may be present. Isolate the 
material from the diseased part of the leaf 
and compare it with material in the rest 
of the leaf; you will find a difference. Com- 
petent plant pathologists have done this. 
They have isolated such a material from such 
a leaf and found that it would cause a given 
kind of disease. They have proceeded to still 
other spots and they obtain yellow aucuba, 
so called; or green aucuba; or a strain of a 
virus which causes no apparent disease what- 
soever. This last type is regarded as a masked 
virus. I shall have something to say in just 
a moment about latent or so-called secret 
viruses because I am convinced they have a 
very important potential relationship to the 
cancer problem. 

Two other strains of plant viruses are the 
J-14 D-1 and the Holmes ribbed grass strain. 
You see with these strains how great may be 
the differences between strains of the same 
virus. If you please, what you see are simply 
examples of gross pathology. As biochemists 
or virologists we were interested in the 
make-up and the nature of the agents which 
are responsible for these variations in gross 
pathology. We were particularly interested 
in two strains because one of them always 
»ermits the plant to grow and flower, pro- 
ducing marketable seed, whereas the other 
strain gives an invariable result. This strain 
of tobacco mosaic virus always kills the hosts 
in which it is placed. 

Perhaps you would like to translate these 
variations to real life. We talk about strains 
and it seems 





of viruses—of plant viruses 
just a little bit removed from reality, yet 
those of you who are clinicians certainly 
recognize the fact that from time to time 
virus diseases differ greatly in their inten- 
sity. You may note that measles cases are 


severe in a particular year, or the incidence 
of paralyzing polio is considerably higher 
than the norm. There is reason to believe 





that this variation in the disease. pattern is 
due to an increase in a particular kind of a 
virus, one which proliferates a little better 
than the others. Obviously the last plant 
virus I showed you can survive only because 
we keep it going in the laboratory. Any virus 
which is so ill-advised as to kill off all of its 
potential hosts obviously suffers the same end 
result. If it has no hosts to attack, it itself 
must die. Consequently such killing viruses 
generally do not survive in nature. 

My colleague Dr. Stewart, Professor of 
English at Berkeley, has written a book en- 
titled Earth Abides. He was stimulated to 
write it as a result of a discussion over the 
lunch table one day. On that occasion he 
asked, “Well, just what would happen if 
one of these human viruses should mutate 
like your plant virus into a strain which 
would kill all mankind on earth? Would 
it be possible?” I had no alternative but to 
reply, “Yes it is possible. I think it is not 
very probable. I think we should be able to 
do something about it.” But he said, “Well, 
if it’s possible that’s a good idea for a book.” 
So he wrote a book wherein at the beginning 
he killed off practically everybody on earth. 
He then took the few survivors and pictured 
what happened to them. This is, of course, a 
possibility and from the standpoint of sci- 
ence it offers a great opportunity to learn 
about mutation. 

As chemists we have isolated the indi- 
vidual viruses responsible for a variety of 
strains, such as the ordinary strain, the kill- 
ing kind, and the masked kind. They repre- 
sent extreme variations. We have purified 
these and then we have examined them with 
the prongs of a chemist, picking out the 
little building blocks one by one, until we 
have found differences, much to our sur- 
prise. This was a long and a painstaking 
work, but we have obtained what I believe 
is the first experimental evidence of the basic 
nature of mutation. We have found that 
strains of viruses differ with respect to the 
amount of certain amino acids or building 
blocks, which go to make up the virus. We 
have found that in some cases a given amino 
acid was missing in a particular strain and 
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that in still another strain a new amino acid 
had been built into this virus structure. 

We as chemists are not good enough yet 
to relate a particular change in chemical 
structure to a particular biological activity, 
but at the very least we know that the 
changes in biological activity are accom- 
panied by known demonstrable changes in 
structure : The changes may be a variation in 
the amount of one or more amino acids, the 
introduction of a new amino acid, or the 
elimination of a given amino acid. This 
presents a supreme challenge to the chemist. 
If nature can do it, why cannot we as chem- 
ists do it? We have been at this job over ten 
years. We have made all sorts of changes in 
the structure of tobacco mosaic and other 
viruses. New amino acids can be added. It 
is actually possible to change the biological 
activity, but we have not been able to obtain 
the thing that we would most like and that 
is heritable change. After a new amino acid 
is added we can use the new strain of virus 
to infect a susceptible host. It will multiply 
millions of times over, but when we isolate 
this newly produced virus it doesn’t contain 
the new amino acid. I am convinced that 
sooner or later the chemist will be able to 
make a heriiable change in a virus, and 
when this time comes the potentialities are 
almost frightening, because you will have 
the opportunity to have a directed mutation. 
No longer will you wait upon nature, but you 
will be able to determine the kind of a living 
thing you want through its chemical struc- 
ture. This may be just a bit over the hori- 
zon and I may be projecting a little too far. 

[ have already talked about masked virus- 
es. Here again is an area that you should 
know about, the business of latency or mask- 
ing of viruses. Probably eighty per cent of 
you have had direct experience with this, 
because under stress, elevated temperature, 
or so forth, you have found yourself sus- 
ceptible to fever blisters. These result 
from the herpes virus. Most of you carry it 
around with you all the time. It does nothing 
to you until you are subjected to a little 
stress, elevated temperature, or some minor 
change, and then you get your fever blister. 


Another example exists in the plant virus 
field. Practically all of the potato plants 
grown in this country contain a latent virus. 
As a matter of fact the plant pathologists 
call it “the healthy potato virus.” If you 
worked only with potato plants it would be 
impossible for you to prove the existence of 
this virus as an infectious agent, yet it is 
present in all of the hosts. If you make an 
extract and apply it to another potato plant 
nothing happens, because the virus is already 
there. Only by using another host will it 
cause disease, and so let us know that there 
is a latent virus present. Who knows how 
many latent viruses there may be coursing 
through our bodies all of the time. Some of 
the recent work at the National Institutes of 
Health, and at the Army Medical School, 
has revealed latent viruses in the upper res- 
piratory tract. The so-called ARD viruses 
provide fairly convincing evidence that there 
may be still many many more undiscovered 
viruses. Under the stress of x-ray treatment- 
ultraviolet light, carcinogenic chemicals, and 
other agents, their presence may be revealed 
and they may conceivably be found to have 
a role in cancer production. I have already 
indicated that certain viruses cause cancer in 
plants and in animals, and you may rest as- 
sured that a vigorous search is being made 
for good experimental evidence in the case 
of human cancer. 

Another possibility of a virus, or a virus 
like entity, being present in your cells all the 
time may be demonstrated in the lysogen 
story or the story of the lysogenic bacteria. 
A picture has been shown you of the bacteria 
attacked by the so-called bacteriophage which 
multiplies at such a fate that with each 
doubling of the bacterial cell there is a 
doubling of the bacteriophage. For all intents 
and purposes this bacteriophage could be on 
the chromosome of the bacteria. It could be 
similar to something that could be present 
on your own chromosomes. As your cells 
divide, it carries a minimal amount of this 


particular agent and nothing happens. This 


is a known fact in the bacterial world. Pro- 
fessor Lwoff at the Pasteur Institute has 
shown that certain agents, ultraviolet light 
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for example, when used to treat such lyso- 
genic bacteria will cause something new to 
happen. The bacteriophage seems to spring 
into life and multiplies not once for each 
cellular division, but many many times over, 
so much so that the entire bacterium is liter- 
ally filled to the hilt with these phage parti- 
cles and eventually the bacterium bursts re- 
leasing these little particles of virus. These 
can go on and begin an infection with sensi- 
tive bacteria and yet be no longer lysogenic. 
They are infected after the manner in which 
viruses normally infect cells. The phage par- 
ticles are absorbed and then enter and multi- 
ply many times over, and finally break or 
burst the cells. They do not affect so-called 
resistant cells. It is important to recognize 
the fact that in the bacterial world we have 
a definite example of a virus like entity rid- 
ing along presumably on the genetic appara- 
tus of the bacterial cell, never causing an 
apparent disease until stress, or some agent 
like ultraviolet light, or a chemical, brings 
about the rapid multiplication of this so- 
called bacteriophage or virus particle. This is 
an example which one should always keep in 
mind in dealing with other self-duplicating 
entities. 

You must recognize that you are not deal- 
ing with an infectious agent in the normal 
sense of the word. This agent becomes in- 
fectious in the normal sense only after the 
process of induction, 

The anatomy of this particle which is the 
frank virus, is interesting to examine. Again 
the electron microscope does very well for 
this purpose. The T-2 bacteriophage par- 
ticles are the particles involved in this cycle 
that I just described to you. They are sperm 
shaped. They have a unique hexagonal por- 
tion, to which is attached a tail. This tail can 
be curved. We have been interested in the 
morphology of phage particles, which I con- 
sider as anatomy at the chemical level. It is 
a self-duplicating or multiplying mutating 
agent. 

A picture of one of these particles after 
rupture, taken at very high magnification, 


shows the material which has come from the 


bursted phage. It looks like a ball of twine, 
or fish worms or spaghetti-like, or whatever 
you want to call it. These individual fibers 
are about fifteen millimicrons in diameter. 
Upon analysis this material proves to be 
nucleic acid. We believe this to be the genetic 
material of this particular particle. This is 
the material which carries the message and 
tells the cell what kind of an end product 
to make. 

A closer examination of phage may be 
made at a high magnification. Doctor Wil- 
liams noticed in a single bacterial phage par- 
ticle a peculiar end structure or so-called 
fiber-like structure at the very end of the 
tail. It has been noted prior to this time that 
these particles attached themselves by the 
tail part to the susceptible bacterial cell. We 
believe that this contains some sort of an 
enzymatic entity which enables the phage 
particle to enter or make a hole in the bac- 
terial cell wall. There follows then the ex- 
trusion of that great mass of material, which 
resembles a mass of spaghetti. 

If this takes place, there has to be a chan- 
nel for the material to pass through. For a 
long time we were extremely skeptical of 
such a channel and as a matter of fact we 
hardly deemed it possible to prove the ex- 
istence of such a channel. Recently we have 
been able, through some new techniques, to 
show that there is an outer material and a 
central core in these bacteriophage particles. 
I regard these features as providing a new 
type of approach to pathology at the chemi- 
cal level. 

If this central core actually exists, 
nucleic acid could be extruded via the hole. 
In spite of this possibility it is a mystery 
how that great mass of string-like nucleic 
acid manages to get out, but nature has done 
some very wonderful things. 

You may say that this is all very well and 
good, You are dealing with a bacieriophage 
particle which has a sperm-shaped tail and 
is probably a cell. We wondered about this 
too. Several months ago we began to ex- 
amine one of the crystal-like structures from 
tobacco mosaic virus, which is in the ac- 
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cepted protein molecule class, to see whether 
or not we could obtain similar evidence of 
an inner structure. 

If you take tobacco mosaic virus, ordi- 
narily rod-like, and subject it to an elevated 
temperature and view it at the right time, 
you will see occasional bulbs forming on 
the end. It is the first reaction if you heat 
the virus in the presence only of water. If, 
however, you add a detergent, you will then 
obtain a different type of structural modifi- 
cation. The rod-like structure was also sub- 
jected to a variety of stains, but more im- 
portantly to a variety of enzymes. These 
enzymes are known to dissolve protein, 
desoxyribonucleic acid and ribonucleic acid. 
It was found that this enzyme, which will 
dissolve ribonucleic acid, will cause the core 


to disappear and you will have just the outer’ 


coat. This was the first evidence that in the 
case of tobacco mosaic virus it seemingly has 
a protein coat with an inner core of nucleic 
acid. This chemical and structural analysis | 
choose to call a newer kind of pathology. 
You are at a level which is not straight 
chemistry, but a cross between the anatomy 
of a molecule and chemistry. It is different 
from the reaction of an acid and an alcohol 
to form an ester. Rather there is a concen- 
tration of one particular kind of a chemical 
associated with, yet separate from another 
kind of a chemical. 

Dr. Williams and his graduate student, 
Mr. Hart, performed special experiments 
to provide additional proof of this structural 
arrangement. They started with the intact 
tobacco mosaic virus molecule. They used 
high frequency sound waves on the virus 
molecule to obtain a cross section of it, just 
like you use a knife to get slices of bologna. 
If you then examine such a slice again at 
high magnification you find it to be a solid 
material. If you take the protein component, 
which can be obtained from latent diseased 
plants and which is not infectious, and cause 
it to aggregate, you observe additional re- 
markable details. 

This material is the same size and shape as 
the intact virus rod except it has the hole. 
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In other words, this protein has remembered 
how to go together and form again the rod 
fifteen millimicrons in diameter, but in this 
case it does not fill in the center because the 
nucleic acid is absent. I know that some of 
you, particularly the chemists, will be won- 
dering what happens if you cause this aggre- 
gation in the presence of nucleic acid. We 
wonder too. We know partially, and I only 
wish I could tell you more about it. Perhaps 
in another year we shall know a little more 
about this particular aspect of the problem. 
I would like to give you some further idea 
of our present concept of this structure 
which is between chemical structure and bio- 
logical structure. We believe that the long 
rod-like virus molecule is composed of dis- 
tinct segments and that each one of these 
segments is actually a pie-shaped structure. 
This is a protein and the long peptide chains 
in the pie-shaped portion go back and forth 
with some off center, so that for each twelve 
and one-third of the structures you get a 
complete turning around of the structural 
elements. This gives sort of a grooved affair 
on the external portion of the molecule. We 
believe, as a result of work done at the 
California Institute of Technology, that the 
nucleic acid is located in the central area in 
what appears in photographs as a_ hole. 
Their x-ray work and Doctor Williams’ 
work by means of the electron microscope, 
I believe, provide very convincing proof for 
this protein tube-like structure with a cen- 
tral core of nucleic acid. 

We now have three different kinds of 
viruses which seem to support this type of 
structure. We are beginning to wonder 
whether or not this is the kind of a structure 
that makes a virus what it is, the kind of a 
structure that nature has built at this border- 
line between the living and the nonliving. If 
that is so, as time goes along, the pathologist 
must become interested in structure such as 
this because the difference, between a so- 
called normal virus which does not cause 
disease and one which does cause disease 
may reside in the kind of amino acids that 
go to build up this particular chain. Alter- 














~ 


natively, it may reside in a peculiar struc- 
ture which is characteristic of the nucleic 
acid. 

This work has a potential bearing in a 
variety of directions. I can think of one 
example in connection with the present 
hiatus with respect to the polio virus. Within 
the past year, we have been able to obtain 
reasonable quantities of highly purified 
poliomyelitis virus. I believe we are the only 
laboratory in the world engaged in the con- 
centration and detailed chemical study of 
this material. 

We have found during the past year that 
poliomyelitis virus, like certain of the plant 
viruses, consists of about thirty per cent 
nucleic acid and about seventy per cent of a 
protein. If the structure of poliomyelitis 
virus is similar to the structure of tobacco 
mosaic virus and turnip yellow mosaic virus 
and these bacteriophages, then it is quite 
possible that present attempts to inactivate 
poliomyelitis virus by means of formalde- 
hyde do not represent the best scientific 
approach. The genetically important material 
is in the interior of these plants and bacterial 
viruses. The antigenically important material 
is on the exterior. If you want to inactivate 
the material without destroying the exterior, 
which contains the immunizing principle, 
obviously you would want to do something 
which would change the structure of the 
nucleic acid so that it is no longer an active 
material. One way which is perfectly obvi- 
ous, I think, for those of you who know the 
absorption spectrum of protein and nucleic 
acid, would be to treat it with ultraviolet 
light at 2600 A°. This energy will be prefer- 
entially absorbed by the nucleic acid. It has 
been proven that this destroys the structure 
of the nucleic acid, but it does little or noth- 
ing to the protein which absorbs preferen- 
tially at 2800 A°, or thereabouts. Obviously 
our results with poliomyelitis virus and its 
chemistry have been obtained only recently, 
but it’s quite possible that this newer evi- 
dence should be considered before we go too 
fast, or go too far too fast. 

If some of you pathologists are yearning 
for this new horizon that I’ve been talking 
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about to be inside of a cell and at the cellu- 
lar level, rather than inside of a cell and at 
subcellular, I would like to indicate that we 
have not forgotten the importance of the 
still larger structures. As a matter of fact, 
a considerable effort in our laboratory is 
now devoted to the cultivation of individual 
cells after the technique Lwoff and Dul- 
becco devised at California Tech., and our 
people are now growing literally dozens of 
individual cells, each cell in its own little 
home so to speak. These are studied as nor- 
mal cells, as cancer cells, and as virus in- 
fected cells. We are, as other people are, 
experimenting with what is known as thin 
sectioning. As an example of this consider 
an orange as a cell. As you slice through the 
orange many many times and you lay the 
slices out before you, you get some idea of 
what is in the orange. You see all the sec- 
tions, the seeds and so forth. My colleagues, 
as well as colleagues in other laboratories, 
have developed this now so that you can get 
many many sections of one cell. By using a 
series of cells it is possible now to build up 
a picture of what takes place within a given 
time in a normal cell, or in a cancer cell or in 
a cell developing a virus infection. 

One of Doctor Williams’ recent electron 
micrographs of a section of a Hela cell is 
shown. The Hela cell is a human cancer cell 
which is in widespread use throughout this 
country. The cell lies adjacent to the familiar 
polystyrene latex particle, which is two hun- 
dred seventy millimicrons across. You recog- 
nize in the cell its mitochondria. What is now 
being found in our laboratory and in other 
laboratories are the intimate and detailed 
structures which go to make up these ele- 
ments. With the mitochondria is included a 
double membrane, which forms its exterior, 
and also little sections which seem to divide 
it into a variety of compartments. Here is an 
opportunity to make a survey of the detailed 
structure of a variety of cells. The mito- 
chondria seem to constitute the powerhouse 
of cells and certainly warrant considerable 
detailed study. 

I should like to close this lecture by return- 
ing once more to the importance of nucleic 
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acid, and indicating that many, many ques- 
tions remain unanswered. We suspect that 
nucleic acid is the material which carries the 
message not only in humans and all animals 
and plants, but very probably in the virus 
field. This is the material which goes to make 
up the internal contents of the bacteriophage 
particles. This is the material which we now 
know to be the central core in the unique 
tobacco mosaic virus. This material in the 
form of ribonucleic acid we know to make 
up thirty per cent of poliomyelitis virus. 
What is this? Here, at this almost molecular 
level, we recognize a unique pattern in which 
nucleic acid is interlaced with cellular ma- 
terial. This is four hundred millimicrons in 
size. You could take almost a hundred thou- 
sand of these nucleic acid braids or plattings 
and put them together, end to end, to equal 
an inch. This is certainly knitting at the 
molecular level. 

The reason I show this picture is that I 
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consider it to be vastly important. It is ma- 
terial which has assumed a highly complex 
structure and yet we do not know what it is 
and we cannot imagine nucleic acid forming 
this complex structure. If Doctor Williams 
did not have this electron photomicrograph, 
but instead had presented a drawing of this 
merely saying that he had seen it, I would be 
an utter and complete disbeliever. 

I do not know the answer to this structure 
of nucleic acid at the molecular level. It is 
one of the unanswered questions. If this can 
be answered, if the question of the nature of 
mutation can be answered, if certain other 
problems of the manner of reproduction of 
viruses can be answered, I think we will 
have gone a long way towards explaining 
the nature of life itself. As I indicated 
earlier, if we can obtain the answers we will 
have gone a long way towards understand- 
ing the biological and the chemical control 
of the destiny of all of life. 
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Doctor Goodpasture, the Scientific Direc- 
tor of the newly activated Department of 
Pathology of the Armed Forces Institute of 
Pathology assumed his duties on July 1. He 
isa native of Tennessee. After his academic 
work at Vanderbilt University he entered 
Johns Hopkins University School of Medi- 
ciné from which he graduated in 1912. He 
comes to the Institute with a long record of 
distinguished service not only in pathology 
but in medical administrative fields. He was 
professor of pathology at the Vanderbilt Uni- 
versity School of Medicine from 1924 to 
1955, and also Dean from 1945 to March 1, 
1950. He has received many awards, and has 
contributed much to the field of medicine. 
One of his outstanding contributions was 
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Sunlight as an Environmental Factor in Cancer 


of the Skin 


By 
BLuM 
S. Public Health Service, 


Bethesda, Md., and Department of Biology, Princeton University, New Jersey.* 


(With five 


N THE more than half a century since 
the idea first became current that sun- 
light is a cause of cancer of the skin of 

Man, it has been many times stated that this 
disease occurs more frequently in regions of 
the earth where there is much sunlight. But 
when one looks for quantitative evidence to 
support this idea, he finds remarkably little. 
To the best of my knowledge, the only 
pertinent quantitative data that have been 
published are those assembled some years 


ago by Dr. Harold Dorn of the National 
Cancer Institute (1944). These, however, 


were extensive and carefully analyzed. They 
seem clearly to indicate that among people 
of the white race in the United States, skin 
cancer is more frequent in the south than in 
the north. This may be seen from Figure 1, 
where Dorn’s data are plotted against lati- 
tude. We note that for both men and women, 
the incidence of cancer of the skin is greater 
at lower latitude. In these data cancer of the 
buccal cavity includes tumors of the external 
lip, which might have been included with 
skin cancer, and it is reasonable to suppose 
that this is responsible for the slight north- 
south trend seen in this case. The evidence 
with regard to skin cancer is the more con- 
vincing, since other types of cancer do not 
show systematic variation with latitude. 
Dorn’s data and those of others show low 
incidence of cutaneous cancer among people 
of the Negro race. The topographical distri- 
cancers is also different. 
vast majority of 


bution of skin 
Among white people the 
cancers of the skin appear on the exposed 
areas: for example, Lacassagne (1933) 


found over 80 per cent on areas of the face. 
* Present address. 
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illustrations) 


when 


Among Negros, on the other hand, 
skin cancers occur they show no preference 
for the exposed parts (Vint, 1935; Schrek, 
1944 a,b). 

From all these data one may reason that 
there is an environmental factor that varies 
from north to south which affects the ex- 
posed parts, and to which white skin is more 
susceptible than is negro skin. Let us accept 
this idea in order to examine the proposition 
that sunlight is this environmental factor. 

While on first regard sunlight seems the 
most obvious factor 
it varies in the right direction as a function 
of latitude, on closer examination the picture 


environmental since 


appears more complex. The difficulty is that 
Dorn’s data seem to indicate a greater north- 
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south variation of cancer incidence with lati- 
tude than might be expected from the cor- 
responding variation in sunlight. Total sun- 
light does not vary enough over the latitude 
range concerned to account for the difference 
in cancer incidence, but we have actually to 
deal with a very small fraction of sunlight 
which changes much more rapidly with lati- 
tude. Experiments on rats (Roffo, 1933) and 
mice (Funding et al., 1936; Rusch et al., 
1941) delimit the cancer inducing radiation 
to wavelengths shorter than about 0.32u. 
The spectrum of maximum sunlight does 
not extend to wavelengths much shorter 
than 0.29y., and thus cancer induction should 
be limited to this narrow range of wave- 
lengths, which constitutes less than 0.2 per 
cent of total maximum sunlight and ranges 
down to virtually nothing. The amount of 
these wavelengths in sunlight is affected 
much more critically by the sun’s angle than 
is total sunlight or the visible part thereof, 
and hence varies much more with latitude, 
time of day and season of the year. This is 
illustrated by the curves in Figure 2. The 
factor determining the short wavelength 
limit of sunlight, and causing the great varia- 
tion in the cancer inducing wavelengths 
with the sun’s angle, is the layer of ozone 


PER win, PER A 
2 $ 
> 


oe 


5 








KILOGRAM CALORIES PER m* 


| | ie sta 
/} y \ /7 Wm 
| } V ee Tne 
lf are v \ . = 
\ . 


CYL 2 > Me 
ss Ss a oO SB ae mee ean aoe a 





WAVELENGTH, & 


Fic. 2. Spectral distribution of sunlight. 

O= outside the earth’s atmosphere. 

1=at sea level with sun at zenith. 

2=at sea level with sun at 60° from zenith. 

R= relative sensitivity of the human eye, scotopic 
vision. 

C= relative sensitivity of the human eye, photopic 
vision, 

(From Blum, H. F., Physiological Rev. (1945) 25, 

483-530.) 
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in the stratosphere, which absorbs them very 
strongly ; the greater the distance from the 
zenith the greater the thickness of this layer 
the sun’s rays must pass through. The quan- 
tity of ozone varies with latitude and season, 
among other things, and this adds to the 
variability of the cancer inducing portion of 
sunlight. 

It may be noted at this point, that the 
carcinogenic portion of sunlight has been 
delimited above on the basis of experiments 
on rodents. We are forced to this extrapola- 
tion because of the general reticence of 
human beings with regard to experiments of 
the kind on their own skins. However, the 
extrapolation does not seem a very danger- 
ous one, since the effects of ultraviolet light 
on living systems is generally limited to 
these same wavelengths, i.e., those shorter 
than 0.32y, and there seems every reason to 
think that the same wavelengths would cause 
cancers in both rodents and Man, given the 
appropriate conditions. 

One of the effects of these wavelengths is 
sunburn of human skin, and at least one 
manifestation of sunburn—the erythema— 
may be studied quantitatively. In Figure 3 
appears a curve relating effectiveness in 
producing erythema of human skin to wave- 
length. It is not feasible to get such a curve 
even if one were 





for cancer induction 
obtained for, say the mouse, it would not be 
applicable to man because of physical dif- 
ferences in the two kinds of skin—and so 
we are constrained to use erythema as an 
approximate index of the way cancer induc- 
tion should behave with changes in the char- 
acter of sunlight. There are a number of 
uncertainties involved in doing this, which 
[ do not have time to discuss, and it must be 
emphasized that no close relationship be- 
tween erythema and cancer is postulated. The 
estimation of maximum variation of the 
cancer inducing radiation in sunlight with 
latitude, which is represented in Figure 4 is 
based on a number of assumptions and is 
subject to corresponding uncertainty. It 
neglects an important scattering factor 
which would be expected to reduce the dif- 
ference; and it seems probable that varia- 
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Fic. 3. Spectral relationships between carcino- 
genesis, erythema of sunburn, sunlight and epider- 
mal transmission. The curve labelled sunlight, 
shows only the relative spectral intensity near the 
short wavelength cut-off; no ordinate values are 
given. Note that sunlight includes only a small part 
of the wavelengths active in carcinogenesis and in 
erythema production. (From Blum, H. F., J. Nat. 
Cancer Inst. (1948) 9, 247-258.) 


tion of these wavelengths with latitude is 
really less than that indicated. The data of 
Dorn for cancer of the skin are also plotted 
there in a fashion appropriate for compari- 
son; it is seen that the incidence of cancer of 
the skin varies more with latitude than the 
cancer inducing radiation might be expected 
to do. 

Perhaps this discrepancy is not really 
significant ; there are so many uncertainties 
involved that the agreement could really be 
better than appears. But it may be worth 
looking for factors that might increase the 
variation in cancer incidence with variation 
in the amount of cancer producing radiation. 
If the carcinogenic effectiveness varied with 
the intensity this might help to account for 
the discrepancy, but experiments on mice in- 
dicate that cancer induction is independent 
or little dependent on intensity. One might 
invoke the greater interval between exposure 
to carcinogenic radiation because of the 
longer winter season in the north, since, in 
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mice, cancer induction falls off rapidly with 
the interval between successive exposures, 
Another possibility has intrigued me for 
several years. In 1949 Albert Kelner found 
in studying the action of ultraviolet radia- 
tion on a fungus that illumination with 
“visible” light—actually wavelengths within 
the range 0.3p to 0.54—immediately after 
exposure to ultraviolet, greatly decreased 
the effectiveness of the latter as reflected in 
an increased number of survivors. In the 
same year Dulbecco described the phenome- 
non in a bacteriophage-bacteria system. Dur- 
ing the intervening years such photorecovery 
has been found in a variety of plants and 
animals (e.g., Dulbecco, 1955), and there 
seems every reason to think that it occurs 
generally in living systems. If one wants to 
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radiation in sunlight. The variation of erythemal 
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scattered radiation, which should be an important 
factor tending to diminish the variation with lati- 
tude. F, Variation of skin cancer in white females 
in the United States with latitude. M, Variation 
of skin cancer of white males in the United States 
with latitude. Curves F and M from the data of 
Dorn (1944). (After H. F. Blum, J. Nat. Cancer 
Inst. (1948) 9, 247-258.) 
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suppose that the induction of cancer by ultra- 
violet radiation is opposed by the action of 
wavelengths between 0.3y and 0.5y he sees 
that this could enhance the latitude difference 
and so help to account for the discrepancy 
that appears in Figure 4. This should be 
true because, as we saw in Figure 2, the 
wavelengths that produce photorecovery do 
not vary nearly so much with the sun’s angle 
as do those that induce cancer, and so photo- 
recovery would be relatively greater at 
higher latitudes. 

Because of this possibility, I have made a 
number of attempts to determine whether 
illumination with visible light would decrease 
the erythema of sunburn, particularly after 
we found in our laboratory that photore- 
covery occurred in a vertebrate animal, the 
salamander (Blum and Mathews, 1952). 
Thus far all these attempts have failed. But, 
within a few months, a former student, Dr. 
Alvin Rieck (1955), has shown conclusively 
that photorecovery occurs in mouse skin. 
His finding makes me almost certain that 
photorecovery occurs in human skin, and 
that I have failed to demonstrate it because 
I chose the wrong place or conditions for 
the search. Whether photorecovery affects 
cancer induction remains to be shown, but 
I expect that question will be answered from 
Rieck’s laboratory before long.* 

It would seem that the relationship be- 
tween the incidence of sunlight and that of 
skin cancer is a somewhat complex one. 
And although the evidence indicates in a 
semi-quantitative way that ultraviolet radia- 
tion in sunlight is a principal causal factor 
in skin cancer of the white races, to obtain 
good quantitative agreement would require a 
knowledge of factors that we cannot at 
present evaluate. 

The high immunity of negro skin to can- 
cer seems to be correlated with a high im- 
munity to sunburn, which would appear to 





* Since writing this I have received a communi- 
cation from Dr. Albert Kelner describing experi- 
ments which indicate that cancer induced with ultra- 
violet radiation is delayed by illumination with vis- 
ible light. He is not satisfied, however, as to the 
statistical significance of his results. 
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fit with our general thesis. We have few 
data on sensitivity of negro skin to sunburn ; 
but what there are indicate a much higher 
threshold than is found in the average white 
skin (Hausser, 1928), and this seems to fit 
with general experience. 

It is common to associate immunity to 
sunburn with dark color, but here our visual 
sense may lead us astray. The melanin pig- 
ment that confers the color is probably not 
a much better absorber of the sunburn pro- 
ducing radiation that various other con- 
stituents of the skin. In white skins, the 
melanin does not seem to provide much pro- 
tection against sunburn. It is common ex- 
perience that after exposure to sunlight, a 
degree of immunity to subsequent exposure 
develops ; this is usually accompanied by an 
increase in melanin pigment whic we rec- 
ognize as suntan. But such immunity can be 
developed in the same way without melanin 
pigment in vitiliginous or albino skin. More- 
over, whereas normal skin returns to its 
previous sensitivity in the course of a month 
or so after exposure to ultraviolet radiation, 
the suntan may persist much longer. What is 
certainly an important factor in the develop- 
ment of immunity to sunburn is the thicken- 
ing of the corneum which results from the 
hyperplasia of the malpighian layer that 
follows exposure to ultraviolet radiation 
(Guillaume, 1926; Lovissati, 1929; Mie- 
scher, 1930). This thickening reduces the 
amount of ultraviolet radiation that reaches 
the viable layers of the skin. An idea of the 
penetration of these wavelengths is given in 
Figure 5, based on measurements made 
several years ago on separated epidermis by 
John Kirby-Smith (et al., 1942). You will 
note that the transmission of the sunburn 
producing wavelengths is less for exposed 
than for unexposed skin and may be virtu- 
ally obliterated in the former case. This is 
also true for albino mouse skin, which of 
course contains no melanin pigment. The 
high transmission of these wavelengths by 
mouse skin we will want to consider again 
in a short while. For the moment we are 
interested in a comparison of negro skin 
with white skin; since it seems likely that 
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Fic. 5. Transmission of ultraviolet radiation by 
separated epidermis of man and of the mouse. Mu, 
from ear of normal mouse; M2, from ear of 
mouse exposed to ultraviolet radiation; H:, from 
untanned volar surface of human forearm; H2, 
from slightly tanned volar surface of human fore- 
arm; Hs, from heavily tanned dorsal surface of 
human forearm. Hz and Hs were from the same 
person. (From Kirby-Smith, e¢ al., (1942). 


the relative immunity of the former may be 
due to a thicker corneum rather than to the 
amount of melanin present. Again, quantita- 
tive information is lacking. There have been 
statements to the effect that negro corneum 
is thicker than that of white skins, but there 
seems to be a lack of histological informa- 
tion, and there have been no measurements 
of the transmission of ultraviolet radiation.* 

From what I have said one might expect 
to find no very direct correlation between 
skin color and sensitivity to sunburn in the 
white races. At one time I made a consider- 
able number of measurements of erythema 


*T am indebted to Mr. David Chalfin for the 
suggestion that the large amount of melanin pig- 
ment in the Negro corneum, being present as very 
small particles, may act as an effective scattering 
agent for the ultraviolet radiation. This should 
enhance the absorption by this layer and could, 
conceivably, diminish markedly the passage of the 
erythemal wavelengths to the viable tissues. Ordi- 
narily there is little pigment in the corneum of the 
white races. 
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thresholds but could not recognize any close 
relationship between threshold and _ skin 
color. I do not mean to imply by this that 
there is no relationship between sensitivity 
to sunburn and complexion or between can- 
cer of the skin and complexion (e.g., Hall, 
1950) ; but I think it might be more to the 
point to look for a correlation with thickness 
of the corneum. This would of course not 
be so easy to do. There is a factor which 
enters into the judgment of skin color that 
I should mention in this regard. Exposure 
to longer wavelengths of ultraviole-—0.3 to 
@.4u—in which sunlight is relatively rich, 





may cause the pigment that is already in the 
skin to darken. This darkening is not related 
to the primary formation of the pigment, 
which results from the action of the same 
wavelengths that produce the erythema, and 
is not accompanied by thickening of the cor- 
neum or increased immunity to sunburn. 

I should also point out that recent re- 
searches in Holland have shown that the 
corneum is not altogether a passive filter, 
but that a part of the erythema of sunburn 
results from photochemical changes in the 
corneum (Rottier and Mullink, 1952; Rot- 
tier, 1953). The same studies indicate, how- 
ever, that these changes are brought about 
largely by wavelengths shorter than 0.29p, 
and it is safe to assume with regard to ex- 
posure to natural sunlight that the corneum 
acts principally or entirely as a non-partici- 
pating filter for the sunburn producing and 
carcinogenic radiation. 

You have noticed that at several points in 
the above discussion, I have extrapolated 
from experimental findings on rodents to the 
problem of cancer of the skin in Man. 
Doubt as to the justification for this has been 
voiced at times. There are of course marked 
differences between human and mouse skins, 


- but it seems unlikely that so fundamental a 


thing as susceptibility to cancer would differ 
except in degree. There are various reasons 
for expecting quantitative differences, not the 
least of which stem from differences in 
optical properties which limit the penetra- 
tion of the exciting agent, ultraviolet light. 
Let us, for example, consider the question 
of types of tumor in the two cases. In Man 








me bee ascok =—_™ 


_—" 





close 
skin 
s that 
tivity 
| can- 
Hall, 
‘o the 
kness 
e not 
which 
- that 
osure 
).3 to 
rich, 
n the 
lated 
ment, 
same 
, and 
- cor- 
n. 
t Te 
t the 
filter, 
burn 
1 the 
Rot- 
how- 
bout 
.29u,, 
) eX- 
leum 
rtici- 
and 


ts in 
lated 
) the 
Van. 
been 
rked 
<ins, 
tal a 
iffer 
sons 
t the 
; in 


atra- 
ight. 
tion 
Man 








the kinds of tumors that may be attributed to 
sunlight, that is, those that show a great 
preponderance for the exposed area, are 
epidermal in origin, basal-cell and squamous- 
cell carcinomas. In rodents, on the other 
hand, there may be a good many sarcomas 
produced in skin exposed repeatedly to ultra- 
violet radiation. In our experiments on al- 
bino mice at the National Cancer Institute, 
Dr. Hugh Grady found that over 90 per 
cent of the tumors we induced in the ears 
of these animals were sarcomas, in the 25 
per cent or so of cases where carcinoma 
appeared it was usually mixed with sarcoma 
(Grady, et al., 1942, 1943). References to the 
penetration data I have shown you in 
Figure 5, which were obtained for the pur- 
pose of resolving this problem, give us an 
explanation for this apparent discrepancy. 
It is seen that little or none of the carcino- 
genic wavelengths penetrate below the epi- 
dermis of human skin; probably penetra- 
tion is virtually nil in skin that is frequently 
exposed to sunlight. Thus the site of action 
of the radiation is confined to epithelial 
tissue, and so it would be expected that it 
would induce only carcinomas. The same radi- 
ation penetrates deeply into the skin of the 
mouse ear, reaching a good deal of non- 
epithelial tissue in the dermis which might 
be expected to respond by forming sar- 
comas. The malpighian layer of the mouse 
ear being very thin, relatively little carcino- 
genic radiation is absorbed there, and so it 
is not surprising to find a low incidence of 
carcinomas. Dr. Grady and I were able to 
show a difference of response in these two 
types of tissue to the interval between doses 
(Grady, et al., 1943), which would also have 
favored a greater incidence of sarcomas 
under our experimental conditions.* 

The question is often asked, whether the 
doses of ultraviolet radiation used in the 


* Wavelength 0.25374 is very strongly absorbed 
in the mouse epidermis, and hence might be expected 
to produce largely carcinomas. Dr. Albert Kelner 
informs me that in his experiments with this wave- 
length, only carcinomas were produced. This agrees 
with earlier much less extensive experiments by 
Blum and Lippincott (J. Nat. Cancer Inst. (1942), 
3, 211-216). 
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experimental induction of cancer in labora- 
tory animals is comparable to the dose that 
a man might be exposed to in sunlight. This 
question seems reasonable enough to ask, 
but a direct answer is hard to give. In our 
experiments on mice we used doses such 
that a high proportion of mice would de- 
velop cancers; often 100 per cent of them 
did. At that, the doses required seemed quite 
low, ranging down to exposures of only a 
few minutes per day to a mercury are. Had 
we been interested in obtaining incidences 
of a few per cent, these doses could have 
been cut a great deal. Direct comparison 
is difficult because the spectrum of a mer- 
cury arc is very different from that of sun- 
light, and because the amount of penetra- 
tion into the skin is a factor which it is 
difficult to take into amount (see Kirby- 
Smith, et al., 1942). Perhaps the best an- 
swer is given by the experiments of the late 
Angel Roffo (1933), in which he was able 
to induce cancers in rats by exposing them 
repeatedly to natural sunlight, although 
many of the animals died from the heat. 

Thus we see that a number of apparent 
discrepancies, which at first regard might 
seem to argue against the thesis that sun- 
light is a major causal factor in cancer of 
the skin of Man, disappear when the phys- 
ical and biological character of the systems 
dealt with is taken into account. 

The nature of proof is a thing that might 
well be pondered more often by scientists 
than it is; certainly there are fashions in 
accepted ideas in many fields that change 
with the thinking of the times as well as 
with the evidence. This seems to have been 
true in the present case if one follows its 
history. I think that to some the thesis I 
have been following seems much closer to 
proof than it does to others. I do not know 
how it stands with the present audience. To 
me all the evidence seems to converge to- 
ward affirmation, if that evidence is properly 
interpreted; there seems to me to be no 
sound evidence that militates against. Cer- 
tainly there are many parts of the picture 
that are not as clear as one would like. I 
have tried to point out some of these in my 
discussion, and I would be happy if my 
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remarks might stimulate investigation of 
some of them. 

In the meantime, and until conclusive 
evidence is brought to show that we are 
barking up the wrong tree, it seems that 
we would do well to assume that ultraviolet 
radiation of wavelengths shorter than 0.32y 
can produce cancer of the skin of Man, and 
that these wavelengths in natural sunlight 
constitute a major causal factor in the pro- 
duction of basal cell and squamous cell car- 
cinoma of human skin. On this basis we 
may give some consideration to prophylaxis, 
particularly with regard to those persons 
who have already developed a cancer of this 
type and can be expected to develop more, 
and those who show dermatological lesions 
that are often followed by such cancers. 
This is not the place to discuss problems of 
prophylaxis at length, but I must point out 
that such reasonable measures as might be 
taken by no means entail that the public 
or any part thereof hide themselves from 
the sun. If due consideration is given to the 
physical characteristics of sunlight, the car- 
cinogenic part may usually be avoided with- 
out undue restriction of normal habits. 
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The Relationship of Senile Elastosis to Actinic Radiation 


and to Squamous Cell Carcinoma of the Lip* 


Further Investigation of 835 Cases 


By 


CoLoneL JosepH L. Bernier, D.C., U.S.A.t 
AND 
MARDELLE CLARK ReyNotps, A.B.t 


(With thirteen illustrations) 


critical statistical and morphological 

analysis of 835 cases of squamous cell 
carcinoma of the lip. These represented all 
cases in the Armed Forces Institute of Pa- 
thology files as of the early part of 1948. In 
the report, some possible etiologic factors, 
particularly the geographic areas of birth and 
of residence of the patients, and the color of 
patients’ complexion, hair, and eyes were 
investigated in relation to sunlight. It was 
understood that analysis of these factors 
could provide no proof that actinic radia- 
tion is a causative factor of lip cancer. 
Nevertheless, they did provide sufficient 
evidence to suggest corroboration of find- 
ings by such authors as Blum** and Dorn* 
on whose published reports we relied heav- 
ily, and those of others in both experi- 
mental and non-laboratory studies. 

Some further fields of investigation of 
these 835 carcinomas form the basis of the 
current study. Chief among these is that of 
senile elastosis found microscopically on the 
skin side, mucous membrane side, or both 
sides of tissues adjacent to the carcinomas. 

It is important to state that this study is 
not concerned with the nature of the change 
(senile elastosis) which is well known to 
pathologists, but rather with its occurrence 
in relation to exposure to actinic radiation 
and to squamous cell carcinoma of the lip. 


|: 1951, Bernier and Clark’ published a 


* Presented at the Dedication Ceremony of the 
Armed Forces Institute of Pathology, May 27, 1955. 

} Chief, Oral Pathology Branch, Armed Forces 
Institute of Pathology, Washington 25, D.C. 

t Chief, Statistics Branch, Armed Forces Insti- 
tute of Pathology, Washington 25, D.C. 





Cov. TosepH F. Bernier, DC, USA 


On the basis of the statements of Blum,?* 
Haxthausen,® Roffo,® Ribbert,? and Cow- 
dry,* some biologic association between 
senile elastosis and the two factors might 
be presupposed even though conclusive 
proof is lacking. It is conceivable that a 
statistically significant relationship between 
senile elastosis and squamous cell carcinoma 
of the lip might be useful in future etiologic 
studies even though the full nature of the 
biologic change remains obscure. Further, it 
is recognized that senile elastosis occurs in 
many dermatologic lesions and that its influ- 
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ence on their etiology and natural history is 
not clear. This, we feel, does not militate 
against analysis of its occurrence in squa- 
mous cell carcinoma of the lip. 

One need hardly point out that no brief 
is held as to the suitability of the term “se- 
nile elastosis.”” Common usage does infer a 
change in tissue which is generally recog- 
nized and for this reason alone the term 
is used. Examples of senile elastosis are 
shown in figures A thru G. 

We are aware of the various comments 
by Ewing,®? MacCallum” and others on the 
apparent “unconstancy” of so-called senile 
changes in relation to advancing chronologi- 
age. Allen™ that these senile 
changes may be seen microscopically at any 
age, but especially in the later decades of 
life. Evans, Cowdry, and Neilson’ found 
little difference in thickness or conformity 


cal states 


in young and old skins. 

The general concept of cancer of the lip 
as being referable to the changes of senility 
has arisen from the older chronological age 
distribution of patients with cancer in this 
site. Consequently, such evidence of local 
changes in tissue as those which we have 
termed “senile elastosis” may not have been 





mucous membrane of 


Fic. A. Senile elastosis, 
lower lip. H & E stain, 154. AFIP Acc. 169009. 
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uniformly sought for in microscopic exam- 
ination of tissues of the younger patients, 
However, Ejiri,™® in a histologic examina- 
tion of normal exposed skin of Japanese, 


eee g | 
> * * r; ris 
a. 
Fic. B. Senile elastosis, mucous membrane of 


lower lip. Same case as shown in Fig. A. Elastic 
tissue stain, X172. 








Fic. C. Senile elastosis, in area adjacent to carci- 
noma of lower lip. H & E stain, «95. AFIP Acc. 
171694. 
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tabulated 16 persons under 42 years of age, 
none of whom showed degeneration of elas- 
tic tissue in the red portion of the upper 
lip; whereas of 14 patients 42 years of age 





Fic. D. Extensive elastic tissue change in area 
adjacent to carcinoma of lower lip. Elastic tissue 


stain, X172. AFIP Acc. 86974. 


Fic. E. Diffuse elastic tissue degeneration of skin 


side of carcinoma of lip. H & E stain, x 128. AFIP 
Acc. 206623. 
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and over, 11 had evidence of such degen- 
eration. In contrast, when the skin of the 
upper lip (not the red portion) was exam- 
ined, 16 of 18 persons under 42 years of age 
had degeneration of the elastic tissues, as 
did all the 19 who were 42 years of age and 
over. Experience in the series of patients 
with carcinoma of the lip indicated that 
senile elastosis, although more commonly 
seen in the skin, was found in the mucous 
membrane in a fairly large number of pa- 
tients even in the age group 20 to 30 years. 
Hill and Montgomery** found in histolo- 
gic examination of skin taken from the web 
of the toes that skin of unexposed parts of 
the body apparently showed no marked in- 
crease in pigmentation and vascular changes 
with advancing age. These authors quoted 
Ejiri’s observations that such changes do 
occur in exposed skin and suggested that 
external factors, such as exposure to light 
and the elements, may play a part in the 
changes. The fact that Hill and Montgom- 
ery saw no evidence of senile change in the 
elastic or collagen fibers of unexposed nor- 
mal skin indicated to them that the patho- 
genesis of this senile change in exposed skin 





Fic. F. Senile elastosis, skin side of lip adjacent 
to carcinoma. H & E stain, X95. AFIP Acc. 86974. 

















Fic. G. Senile elastosis, on mucous membrane side 
H & E stain, 


of lip carcinoma shown in Fig. F. 
x 167. 

might be related to topographic anatomic 
conditions (exposed parts) and the effect 
of light and the elements. 

As has been stated, no attempt was made 
in our present study to assess the biologic 
or metabolic aspects of the tissue alteration. 
Instead, the investigation was designed 
chiefly to explore the possibility of a statis- 
tical relationship of the senile elastosis to 
chronologic age, or to actinic radiation. 
Even if these relationships were found, 
there would remain an unanswered question 
as to whether or not the tissue alteration is 
actually a pathologic condition accompany- 
ing the carcinoma. The possibility exists 
that in a group of individuals possessing 
such characteristics as those in our study, 
the biologic age of body tissues may, on the 
average, exceed the chronological age, 
whether or not a carcinoma is present. 

No attempt was made in the previous 
study to relate the presence of senile elasto- 
sis to various clinical factors, although it 
was suggested that the condition may repre- 
sent a local aging mechanism that exceeds 
the chronological ages of the patients (their 
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average being 37 years). Also suggested 
was the possibility that sunlight should be 
considered of importance with respect to 
the aging mechanism, particularly that oc- 
curring on the skin side of the carcinomas. 
The alteration in the elastic tissue in the 
immediate corium might be interpreted as 
influencing either the enzymatic systems in 
the immediate cells or the epithelial reaction 
to radiation penetration. 

The chief clinical factors currently con- 
sidered in relation to presence or absence of 
senile elastosis were: 

1. Chronological ages of patients. 

2. Secondary pathologic diagnoses. 

3. Radiation therapy. 

4. Recurrences and/or metastasis after 

removal of first lesion. 

5. Civilian occupations of World War II 


soldiers. 

6. Location of carcinomas on upper or 
lower lip. 

7. Geographic areas of birth and of resi- 
dence. 


A brief recapitulation of portions of the 
previous report is necessary as background 
for the present discussion. 

1. Army hospitals supplied 739 of the 
835 cases; 546 of them represented World 
War II soldiers (excluding officers) on ac- 
tive duty at time of diagnosis. Since regula- 
tions require submission of tissue specimens 
of all tumors tc the AFIP, no bias should 
exist as to states of birth or residence in 
this group of patients. 

2. The preponderance of the carcinomas 
in states of birth below 40° latitude was 
established for all patients with data. This 
was in agreement with Dorn’s survey indi- 
cating a clear-cut north-south distribution 
of skin cancers with the high rate of illness 
in the South due principally to cancer of the 
lip. 

3. The high percentage of carcinomas in 
patients born below the 40th parallel sug- 
gested that insufficient pigmentation and 
thinness of epithelium might be predispos- 
ing factors, as speculated upon by McCoy,” 
Findlay,*® and Blum."* Findlay, in particu- 
lar, called attention to the much higher in- 
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cidence of skin cancer in the face, hands, 
and necks of the fair-skinned persons of 
Scottish and Irish descent than in the Italian 
population. It is generally accepted that a 
high percentage of the white inhabitants of 
the South are of English, Scottish, and Irish 
descent, predominantly of fair or ruddy 
complexion. It was found that although 72 
per cent of the patients with information 
were born below the 40th parallel, the vast 
majority of those in any of four geographic 
areas (East, South, Midwest, and Far 
West) had fair or ruddy complexions. The 
percentage of possible annual sunshine is 
not equal in the four geographic areas, and 
since the incidence of cancer of the lip is 
probably very low even among the persons 
of fair or ruddy complexions in any geo- 
graphic area, it seems likely that although 
actinic radiation may have a direct role in 
the production of skin cancer, the carcino- 
genicity may in some measure be ascribed to 
individual sensitivity. The differences in 
sensitivity of individuals have been widely 
recognized in the literature from both quan- 
titative and qualitative standpoints. Blum’s 
suggestion,® that the destructive effects of 
wave-lengths of ultraviolet radiation of 
3,200 angstroms or shorter are probably 
produced by the action of such radiations on 
proteins and/or nucleic acids, may be con- 
nected with photochemical reaction to sun- 
light in persons with some disturbance in 
the production and degradation of metabolic 
proteins. Other factors may also be of 
importance. 

With the foregoing observations in mind, 
the results of our additional investigation 
are here presented. 

Age in relation to senile elastosis. The age 
group under 30 years was represented among 
623 patients with senile elastosis in the ratio 
of 1 to 2.4 (29 per cent under 30 years of 
age). Among the 126 without senile elas- 
tosis, there was 1 person under 30 years old 
to each 1.4 person 30 years or older (Table 
I and Figure I). This would appear at first 
glance to indicate that senile elastosis is 
probably associated with chronological age. 
It must be remembered, however, that the 
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TABLE I 


AGE DISTRIBUTION OF PATIENTS WITH AND 
WITHOUT SENILE ELASTOSIS 








Per Cent of Total 








Age Group Total With Without 
in Years Number Senile Senile 
Elastosis Elastosis 
(623) (126) 
Total with data 749* 100.0 100.0 
10-19 6 0.6 1.6 
20-29 229 28.6 40.5 
30-39 266 36.6 30.1 
40-49 126 17.6 12.7 
50-59 73 9.8 9.5 
60-69 32 4.2 4.8 
2.6 0.8 


70 and over 17 





* Age was not recorded for 17 of the 766 patients 
for whom the presence or absence of senile elastosis 
was noted. 


population here represents entirely patients 
with carcinoma, and the fact that senile elas- 
tosis was found in the tissues adjacent to 
carcinomas of 77 per cent of those under 30 
years of age itself suggests the presence of 
some aging mechanism in excess of the 
chronological age. 

Based on the assumption that tissue speci- 
mens of all carcinomas of the lip were sub- 
mitted to the AFIP, the six-year prevalence 
rate among all men inducted and enlisted 
(excluding officer personnel) was 5.9 per 
100,000. This is considered the rate of prev- 
alence rather than of incidence of new 
cases, for the length of Army service of 
many patients was so short that it was likely 
that many lesions later diagnosed as car- 
cinoma of lip might have been classified orig- 
inally as chancre. This was possible since 
the Army accepted men with syphilis which 
was amenable to treatment during a part 
of the World War II period. In Table II, 
the increasing prevalence of carcinoma of 
the lip with increasing chronological age is 
apparent. 

Table III and Figure II illustrate the in- 
crease of senile elastosis with increase in 
chronological age among Army inductees 
and enlistees for whom presence or absence 
of this condition could be determined. The 
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AGE DISTRIBUTION OF 749 PATIENTS WITH AND WITHOUT 


SENILE 


AGE GROUP (YEARS) 


ELASTOSIS 
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patients 30-39 years of age with carcinoma 
of the lip and associated senile elastosis ex- 
ceeded their representation in the Army as a 
whole, 46 as compared to 26 per cent. This 
was also true of men 40 years of age and 
over (14 per cent compared to 5 per cent). 
In contrast, the age distribution of patients 
without the senile elastosis was more nearly 


TABLE II 

S1x-YEAR PREVALENCE RATE OF SQUAMOUS CELL 

CARCINOMA OF Lip AMONG ARMY MALES 
INDUCTED OR ENLISTED 1940-1945 


Army Inductees and Enlistees 


Age Group Pes : Preva- 
: : Total in 
in Years Carci- : lence 
noma of —_ per 
— S* 
Lip 1940-1945" 166 000 
Total 546* 9,269,728 5.9 
18-29 223 6,355,929 3.5 
30-39 249 2,451,751 10 2 
40 and over 67 462 ,048 14.5 





* Ages of 7 soldiers not stated. 


representative of the Army age distribution. 
Again, however, it must be emphasized that 
senile elastosis was present in tissues adja- 
cent to the carcinomas of 160 or 76 per cent 
of the 210 soldiers who were under 30 years 
of age. 

Secondary pathologic diagnosis. The diag- 
noses of leukoplakia, scar tissue, or radiation 
effect in approximately the same percentages 
of 766 of the entire series of 835 patients for 
whom presence or absence of senile elastosis 
was established suggest that these conditions 
were probably not directly associated with 
senile elastosis since it might be assumed that 
such conditions could themselves have 
incited or aggravated the senile elastosis. One 
hundred eighty-two or 28 per cent of the 
former and 34 or 27 per cent of the lat- 
ter group had such secondary diagnoses. 

Radiation therapy. The possibility existed 
that the senile elastosis found in the patients 
with carcinomas of the lip stemmed from 
x-ray or radium as a form of therapy. In- 
vestigation was made of this factor in 508 
World War II soldiers for whom the 
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AGES OF ARMY INDUCTEES AND ENLISTEES COMPARED WITH 


SOLDIERS WITH CARCINOMA OF LIP 
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presence or absence of senile elastosis was TABLE III 


determined. Approximately 16 per cent of 
the 422 soldiers with senile elastosis and the 
same percentage of the 86 without senile 
elastosis had x-ray or radium treatments. 
The infrequency of radiation therapy among 
so many men with senile elastosis indicates 
that there is no statistical association of the 
local aging mechanism of tissue and thera- 
peutic radiation. 

Recurrences after treatment. The tend- 
ency toward recurrence or nonrecurrence of 
the lip carcinomas probably has no connec- 
tion with actinic radiation. However, it is of 
interest that follow-up information on the 
group of patients who had no detected 
metastases at time of diagnosis of primary 
carcinoma of the lip indicated relatively more 
recurrences when there was no senile elas- 
tosis than when this condition was seen in 
the tissues (Table IV). 

Civilian occupation. A total of 413 World 
War II soldiers in the series were identified 
as to their previous civilian occupations. 





COMPARISON OF AGE DISTRIBUTION OF ARMY IN- 
DUCTEES AND ENLISTEES WITH AND WITHOUT 
SENILE ELAsTosis WITH AGES OF 
ARMY MALES 








Soldiers With 








Carcinoma of Lip* 
Age Group Total in 
in Years Army With Without 
Senile Senile 
Elastosis Elastosis 
Number 
Total 9,269,728 422t 86 
18-19 6,355,929 160 50 
30-39 2,451,751 196 32 
40 and over 462 ,048 59 4 
Percent 
Total 100 100+ 100 
18-29 69 38 58 
30-39 26 46 37 
40 and over 5 14 5 





* Presence or absence of senile elastosis could not 
be determined from tissues of 38 soldiers. 

} Total includes 7 soldiers whose ages were not 
siated. 
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TABLE IV 
SENILE ELASTOSIS IN EARLY CARCINOMAS* IN 
RELATION TO RECURRENCES AFTER THERAPY 





Total Recurrences After 
With 


First Therapy 
Primary ——— 


Senile Elastosis 
Carci- 
eee Present Absent 

nomas 


Number 


Total 683 466 217 
Senile elastosis 567 377 190 
No senile elastosis 116 89 27 

Percent 

Total 100 68 32 

Senile elastosis 100 66 34 
100 Me 23 


No senile elastosis 


* Represents patients with primary carcinoma 
and no detected metastases at time of diagnosis. 


Outdoor workers comprised 69 per cent of 
these and the same percentage of the soldiers 
with and without senile elastosis (Figure 
the 


III). In contrast, only 27 per cent of 
f 


Army inductees and enlistees were fairly 
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definitely identified as outdoor workers. In 
all categories of the outdoor workers, 
soldiers with carcinoma of the lip exceeded 
their representation in the Army. This was 
true of the patients with and without senile 
elastosis. 

Complexions of World War II Soldiers. 
Senile elastosis did not appear to be related 
to the thinness of the epithelium or amount 
of surface pigmentation, as judged by the 
complexions of 412 World War II soldiers 
(Table V). Eighty-one per cent of the 379 
men with fair or ruddy complexions, and 
82 per cent of the 33 with dark or medium 
complexions had senile elastosis. 

Location of carcinomas. If senile elastosis 
in the carcinomas were directly related to 
exposure to sunlight, might the tumors on 
the upper lip be less likely than those on the 
lower lip to show evidence of senile elastosis? 
This possibility was also investigated, but it 
was found approximately the same _per- 


centages of patients with carcinomas on the 


CIVILIAN OCCUPATIONS OF WORLD WAR II SOLDIERS 


IN RELATION TO ARMY DISTRIBUTION 
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TABLE V TABLE VI 
COMPLEXIONS IN RELATION TO SENILE ELASTOsSIS LOCATION OF CARCINOMAS IN RELATION TO 
OF WoRLD War II SOLDIERS WITH SENILE ELASTOSIS 





CARCINOMA OF THE LIP —— a ——_———- 
a SS re re — Senile Elastosis 
Senile Elastosis 
—_——_—_— Location Total Percent in Location 














Complexion Tota! Percent 
esos = : Present Absent 
Present Absent —— — 








— ———_——— —_—_—_——— Total with data 740 84 16 
Total with data 412 81 19 Upper lip 41 83 17 


Fair and ruddy 379 81 19 Lower lip 699 84 16 
Medium and dark 33 82 18 oe = owe 





specimens. Thus, 84 per cent of the 766 pa- 

upper as on the lower lip had senile elastosis tients with information had senile elastosis. 
(Table VI). Eight states contributed nearly one-half 
States of birth. Among our 835 patients, (45 per cent) of the 611 patients for whom 
senile elastosis was definitely present in 640, state of birth was known (Figure IV). 
and was absent in 126, making a total of 766 Ninety-one were born in Texas; 33 in Okla- 
for whom presence or absence of this condi- homa; 28 each in California and Georgia; 
tion could be determined from available and 27, 26, 24 and 21 in that order in the 


EIGHT STATES CONTRIBUTING 45 PERCENT OF PATIENTS 
WITH CARCINOMA OF LIP 
(BASED ON NATIVITY) 
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four remaining states, Missouri, Pennsyl- 
vania, Illinois and Virginia. These same 
states also contributed 45 per cent of the 
452 patients with senile elastosis and 47 per 
cent of the 107 with none. 

Residence of World War IT soldiers. The 
state of residence was known for 453 of the 
546 men with carcinoma of the lip among 
the total number inducted or enlisted in the 
Army during 1940-1945. Soldiers from 22 
of the 24 states lying wholly or almost wholly 
below 40° latitude comprised 70 per cent of 
the 453; but men from these same states 
comprised only 42 per cent of the total Army 
inductees and enlistees (Table VII and Fig. 
V). Seventy-three per cent of the 339 
soldiers with senile elastosis lived below the 
40th parallel, as did 67 per cent of the 79 
without senile elastosis. Approximately one- 
half of the 35 soldiers in the group undeter- 
mined as to senile elastosis lived in each of 
the two areas. 

A breakdown by individual states reveals 
that below the 40th parallel the percentages 
of soldiers living in Kansas, New Mexico, 
and Texas were more than 3 times as high 
in our series as in the Army. Corresponding 
percentages were almost 3 times as high for 
Oklahoma and Utah, and almost twice as 
high for California, Colorado, Georgia, and 
Mississippi. In States above the 40° latitude, 
residents of Idaho and Montana contributed 
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approximately 4 times the percentages to the 
soldiers in the study as to the Army, but in 
each instance these states contributed only 
1.5 per cent to the study. Similarly, among 
soldiers residing above 40° latitude those 
from Nebraska, North Dakota, Washing- 
ton, and Wyoming contributed approxi- 
mately two times the percentages to the 
soldiers with carcinoma of the lip as to the 
Army, but the number of patients in each 
state was small. Illinois, which contributed 
3.5 per cent of the soldiers in the study, 
contributed 6.1 per cent of those in the 
Army. 

In order to test the possible association 
of senile elastosis with geographic areas of 
both birth and residence, separate tabulations 
were made of the World War II soldiers 
who were born and were living below the 
40° latitude at time of induction or enilist- 
ment, those born and living above, and those 
who moved from below to above that parallel 
or vice versa (Table VIII and Fig. VI). 
This information was complete for 408 
soldiers, 68 per cent (278) who remained 
south of 40° latitude; 24 per cent (98) 
above; and 8 per cent (32) who were in- 
ducted or enlisted in areas other than those 
of birth. Corresponding percentages for the 
330 soldiers with senile elastosis were 70, 
23, and 7. Thus, the percentages with senile 
elastosis corresponded well with the distri- 


TABLE VII 
RESIDENCE BELOW AND ABOVE 40° LATITUDE OF WoRLD War II SOLDIERS WITH 
CARCINOMA OF LIP, AND ARMY INDUCTEES AND ENLISTEES 


Residence Total Army 


Total with data 9,269,728 
Below 40° latitude 3,938,514 
Above 40° latitude 5,331,214 

Total with data 100 


Below 40° latitude 42 
Above 40° latitude 58 


Soldiers with Carcinoma of Lip 





Senile Elastosis 


Total 


Present Absent ™ a 
Determined 
Number 
453 339 79 35 
317 246 53 18 
136 93 26 17 
Percent 
100 100 100 100 
70 73 67 51 
30 27 33 49 
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RESIDENCE OF 453 WORLD WAR II SOLDIERS WITH CARCINOMA OF LIP 
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bution of birth and residence. However, 62 9 per cent moved to the opposite area from 
per cent of the 78 soldiers without senile that of birth. Within each of these groups, ' 
elastosis were born and lived below 40° Chi-square tests yielded no _ statistical ' 
latitude ; 29 per cent above that parallel; and evidence that presence or absence of senile 


TABLE VIII 
NATIVITY AND RESIDENCE BELOW AND ABOVE 40° LATITUDE: WoRLD WAR II SoLpIERS 
WITH CARCINOMA OF THE LIP 


Soldiers with Carcinoma of Lip 


Area of Birth and Residence Senile Elastosis 
Total —- 
Present Absent 


Number 


Total with data 408 330 78 
Born and lived below 40° latitude 278 230 48 
Born and lived above 40° latitude 98 75 23 
Born below 40°, moved above 14 11 3 
Born above 40°, moved below 18 14 4 

Percent 

Total with data 100 100 100 
Born and lived below 40° latitude 68 70 62 
Born and lived above 40° latitude 24 23 29 
Born below 40°, moved above 3 4 
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elastosis is associated with birth and resi- 

dence in the geographic areas. This suggests 
5 that the senile elastosis is a condition which, 
in general, either precedes or accompanies 
the carcinoma regardless of the north-south 
distribution of the patients, and in any area 
appears to be related more to presence of 
the carcinoma than to exposure to actinic 


radiation. 


SUMMARY AND CONCLUSIONS 
Further investigation was made of actinic 
radiation as a possible etiologic factor in 
835 cases of squamous cell carcinoma of the 
lip previously reported by Bernier and Clark. 
The current concerned 
chiefly with the possibility that senile elas- 
tosis found in 640 of the carcinomas may be 
related to the actinic radiation. It appears 
that the senile elastosis is only in part asso- 
ciated with chronological age, since a high 
percentage of the patients under 30 years 
of age (77 per cent) had senile elastosis. 
Patients with secondary diagnosis of 
leukoplakia, scar tissue, or evidence of dam- 
age from therapeutic radiation appeared no 


investigation is 
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“WORLD WAR II SOLDIERS WITH CARCINOMA OF THE LIP 


VI 


more likely to have senile elastosis than did 
patients without these diagnoses. Therapeu- 
tic radiation was administered infrequently 
and appeared unrelated to senile elastosis. 

Among patients with no prior treatment 
and no detected metastases, there were rela- 
tively more recurrences after initial therapy 
in the group without than with senile elas- 
tosis. 

Tabulation of the civilian occupations of 
World War II patients in our series showed 
that 69 per cent were in outdoor work, as 
compared with only 27 per cent of all Army 
inductees and enlistees. The percentages of 
the patients with and without senile elastosis 
were approximately the same for the outdoor 
and the indoor workers. 

The senile elastosis did not appear to be 
related to complexion of the soldiers, since 
it was found in the same percentage of the 
patients with fair or ruddy complexions as 
in those with medium or dark complexions. 

Approximately the same percentages of 
the patients with carcinomas on the upper 
as on the lower lip had senile elastosis. 
Forty-five per cent of the 611 patients 
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for whom state of birth was known, 45 per 
cent of those with senile elastosis, and 47 
per cent of the group without senile elastosis 


were born in 8 states. Only 2 of these states" 


were wholly or partly above the 40th paral- 
lel. 

States of residence below 40° latitude ac- 
counted for 70 per cent of the 453 World 
War II soldiers with senile elastosis for 
whom this information was available. These 
same states contributed only 42 per cent of 
all men inducted or enlisted during World 
War II. There was no evidence that senile 
elastosis was related to residence above or 
below the 40th parallel. 

Similarly, there was no evidence that the 
World War II patients for whom both the 
areas of birth and residence were below or 
above the 40th parallel differed with respect 
to presence of senile elastosis nor did a 
change of residence from above to below the 
parallel or vice versa. 

From this study one might conclude that 
although the senile elastosis is in part asso- 
ciated with chronological age, it involves 
some factors other than the chronological 
aging. No statistical evidence could be found 
to show association of senile elastosis with 
actinic radiation, other than that previously 
found for the carcinomas of the lip. The 
question remains as to whether the senile 
elastosis is actually a pathologic condition re- 
sulting from the carcinoma, or whether the 
senile elastosis may have been a. localized 
aging mechanism which preceded the car- 
cinomas. 
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The Problem of the Metabolic Response to Injury 


By 


Paut R. Cannon, M.D. 
The Department of Pathology, The University of Chicago 


HE metabolic response to injury con- 
tinues to be a challenging problem 
despite the many efforts to under- 
stand its meaning. Although the older term 
“toxic destruction of protein” has been 
‘cata- 


‘ 


largely replaced by the newer term 
bolic phase,” the nature and significance of 
the metabolic response are still uncertain. 
Indeed the combination of a catabolic state 
and a refractory type of negative nitrogen 
balance is still generally looked upon as an 
inevitable but self-terminative consequence 
of trauma, not to be interfered with too 
zealously by “meddlesome treatment.” 

Following the development by Selye of 
the concept of the “alarm reaction,” it 
seemed that possibly a better answer to the 
problem had appeared, viz., that the cata- 
bolic response to injury was a consequence 
of hypersecretion of catabolic adrenal ster- 
oids which were liberated as a result of stimu- 
lation of the pituitary-adrenal system. This 
point of view has dominated much of the 
thinking in this field until comparatively 
recently, when Ingle suggested that the 
adrenal glands play only a “permissive” role 
in stress, i.e., that they are necessary but are 
not responsible for some of the metabolic 
reactions concerned. According to this con- 
cept the hormonal response during stress 
represents 4 compensatory effort on the part 
of the hyperplastic adrenal glands to re- 
establish homeostatic equilibria which have 
become imbalanced by stressful agents of 
various kinds. In agreement, Selye has re- 
cently said: “There is no longer any doubt 
that an increase in the secretion of ACTH 
and glucocorticoids (for example, cortisol) 
is an essential prerequisite for the mainten- 
ance of homeostasis during stress.” 

The present discussion will concern itself 
with an analysis of this old problem in the 
light of some of the newer concepts, with 
particular reference to their relationships to 
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the processes of tissue protein synthesis. 
The ultimate objective, of course, is, as it 
has always been, the practical problem of 
convalescence. 

In the normal organism the usual features 
characteristic of the metabolic response to 
injury may be summarized as follows: 
negative nitrogen, potassium and_ phos- 
phorus balances, disturbed carbohydrate 
utilization, fatty changes in the liver, tend- 
ency to ketosis, retention of sodium, chlo- 
ride and water, and hypochloremic and hy- 
pokalemic alkalosis. These are also usually 
accompanied by involution of lymphoid tis- 
sue and thymus, lymphopenia and eosino- 
penia, leukocytosis, adrenal cortical hyper- 
trophy, with associated depletion of 
cholesterol and ascorbic acid, and an in- 
crease of adrenal corticoids in the blood and 
urine. Although many of these features are 
typical, also, of the response to cortisone 
overdosage, it does not follow that they are 
necessarily due to hyperadrenal corticalism. 
For example, both experimental and clinical 
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evidence indicate that the release of adrenal 
hormones has no causal relationship to the 
metabolic effects of injury. Thus Ingle and 
associates have concluded that “the negative 
nitrogen balance which characteristically de- 
velops following fracture may require the 
presence of the adrenal cortical hormones 
but is not caused specifically by the increase 
in secretion of cortical hormones which 
occurs during stress.” Likewise Noble and 
Toby, on the basis of experiments, have 
stated that “catabolism after trauma occurs 
independently of the adrenal cortex.” 
Moore, in his study of the metabolic re- 
sponse in surgical patients noted no in- 
crease in nitrogen excretion after injury 
despite a maximal fall in the eosinophil 
count (Case 5). In his view this constituted 
evidence that “the normal adrenal cortical 
discharge postoperatively is not necessarily 
accompanied by excessive (i.e., greater than 
preoperative) nitrogen excretion rates” (p. 
24). 

In any ease events incident to the meta- 
bolic response point to the occurrence of 
widespread cellular injury, and at a time 
when anabolism is urgently needed if tis- 
sue-recovery is to ensue. It is important to 
ascertain, therefore, how and to what ex- 
tent adrenal steroids may influence protein 
metabolism, especially the processes of tissue 
protein synthesis. 

If the metabolic response to injury in- 
duces in some way a significant loss of im- 
portant cytoplasmic constituents, and there 
seems to be little doubt but that it does, the 
problem of recovery would appear to be that 
of the nutritional replacement of a wide 
variety of discarded cellular materials, with 
every effort being made in the meantime to 
minimize the losses whenever possible. 
These losses may include hemoglobin, 
plasma proteins, enzyme systems and hor- 
mones, coupled with the need for regenera- 
tion of such organs as the liver, gastroin- 
testinal tract, bone marrow and bones, mus- 
cles, lymphoid tissues, and endocrine glands. 
In short, recovery will require a complete 
changeover from a previous state of cata- 
bolic breakdown to one of anabolic build-up. 
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Such a metabolic reversal will depend, 
presumably, upon the ability of the subject 
to mobilize processes capable of ensuring 
the normal utilization of all tissue nutrients 
essential for the reestablishment of normal 
tissue function. Because protein as a sub- 
stance is basic to all tissues, and because 
all enzymes are proteins or polypeptides, 
as are such important hormones as insulin, 
thyroglobulin, growth hormone and ACTH, 
it seems evident that the first step toward 
recovery is the promotion of tissue protein 
synthesis. Therapy would of course be a sim- 
ple procedure if the only nutritional re- 
quirement were merely to offer the patient 
a diet adequate in calories, high-quality pro- 
tein, vitamins and salts. Unfortunately, 
however, many patients will not eat even the 
best of diets, some cannot eat them; and 
some, because of various conditioning fac- 
tors, cannot absorb and assimilate nutrients 
adequately even after ingestion or paren- 
teral administration. 

When a patient is in a state of severe 
catabolism the primary question is: How 
can the catabolic action be terminated? Pos- 
sibly if more were known about the cata- 
bolic state itself, efforts to counteract it 
might be more effectual. What do we know 
about the nature of catabolism, about its 
consequences and about the possibilities of 
establishing anti-catabolic measures? This is 
obviously a subject which is constantly be- 
fore the pathologist, since so much of his 
work deals with catabolic activities which 
have ended lethally. 

Although the term catabolism usually 
connotes an overall disintegration of the 
total protein metabolism, it actually should 
not be so restricted. For example, wound 
healing, as a rule, begins postoperatively 
while the patient is still in negative nitrogen 
balance, indicating that anabolic processes 
are at least locally operative; and in the 
spawning salmon catabolism may progress 
steadily in the muscles while at the same 
time the gonads remain actively functional. 
Similarly, localized catabolism may coexist 
in an infarct, an abscess or a cancer with 
anabolism active elsewhere in the body; and 
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in cancer cachexia, neoplastic growth con- 
tinues as the body wastes away. There is 
evidence, also, that protein synthesis (ana- 
bolism) may occur in the liver while con- 
currently catabolism dominates the meta- 
bolism of muscle. Indeed modern concepts 
of the dynamic equilibrium or “steady 
state” in relation to cellular activity depict 
the simultaneous interactions of anabolic 
and catabolic forces as the essential feature 
of all vital processes. Usually, however, it 
is the net effects of protein metabolism, as 
these are revealed by positive or negative 
nitrogen balances, which command atten- 
tion. When catabolic forces become domi- 
nant it is assumed that cellular activities 
are generally degradative ; and if large num- 
bers of cells are undergoing injury or are 
dying, the assumption is, that if anabolism 
is to initiate the recovery process, cellular 
degradation must first be terminated. In 
other words, autolytic processes, whether 
due to anoxia, infection, radioactivity or to 
other kinds of trauma, afford a poor en- 
vironment for cellular and tissue recon- 
struction. 

The simplest type of catabolism, as seen, 
for example, in fasting, is characterized by 
a steady loss of nitrogen, potassium, phos- 
phorus, and other cellular constitutents. In 
this type, moreover, there is a definite and 
fairly constant relationship between these, 
the customary ratio of urinary nitrogen to 
potassium, for example, being approxi- 


mately 10 to 1. Because this is the normal 


ratio for muscle (Fenn) it is presumed that 
the catabolic loss of nitrogen comes largely 
from structural protein, mainly striated 
muscle. In order to stop this loss, catabolism 
must be terminated by an adequate intake of 
food; and the rebuilding of muscle struc- 
ture will obviously require the absorption 
and utilization of all those dietary essentials 
which were discarded during the catabolic 
period. Usually this can be easily accom- 
plished provided that there are no condition- 
ing factors, such as infection or other type 
of tissue injury, to retard the processes of 
recovery. Ordinary catabolism develops, 
also, when a diet lacking >r deficient in one 


or more essential amino acids is eaten. 
Under such conditions a negative nitrogen 
balance quickly ensues, and it persists until 
the missing essential amino acid is restored 
to the diet. This metabolic shift incident to 
acute amino acid deficiency evidently means 
that the body cannot maintain nitrogen 
equilibrium unless adequate amounts of all 
the essential amino acids are constantly 
available. It also means that reserve tissues 
cannot be raided successfully, at least in 
a major way, in order to secure the missing 
essential amino acid or acids for incorpora- 
tion into tissue protein at active anabolic 
sites. Simple catabolism as revealed by a 
negative nitrogen balance, may also result 
in some degree from immobilization or 
from an inadequate caloric intake. 

The more complex kind of catabolism, 
that typified by the metabolic response to in- 
jury, is seen in relation to disease, e.g., 
trauma (wounds, burns, fractures), infec- 
tion, exposure to radioactivity, endocrine 
imbalance and the like. This type, with its 
manifestation of “nitrogen rejection,” is 
surprisingly resistant to nutritional correc- 
tion, even after augmented intakes of all 
dietary essentials. Here, moreover, the usual 
excretion ratios of nitrogen to potassium 
and phosphorus are changed, suggesting 
that the lost nitrogen and salts originate 
largely from “labile” or “indispensable” 
(Whipple) protein stores, rather than from 
structural protein. Accompanying _ these 
losses are often associated losses of vitamin 
stores, notably riboflavin. Such excessive 
catabolism suggests a widespread cellular 
disintegration with an associated loss of 
many important nutrients which must later 
be replaced. 

The resistance to nutritional correction 
manifested by this type of excessive cata- 
bolism has been repeatedly emphasized by 
Peters, Cuthbertson, Howard, Browne, Al- 
bright, Moore and others. In fact, nutri- 
tional utilization may be so inefficient that 
negative nitrogen balances may persist 
despite high intakes of protein, vitamins 
and calories. This effect has been especially 
noteworthy in the treatment of fractures, 
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burns, and severe infections. A further 
striking feature is the greater loss of nitro- 
gen in well-nourished subjects in compari- 
son with that in malnourished individuals, 
a difference which has been attributed to the 
probability that in the former the major 
source of nitrogen is from the labile tissue 
protein reserves which are no longer pres- 
ent in the latter type of subject. 

What is the evidence that this type of 
catabolism may be the consequence of a pro- 
found hyperadrenocorticism, with stressors 
causing a flooding of the tissue with cata- 
bolic corticoids? Supporting this point of 
view is experimental evidence that a great 
variety of stresses may cause pituitary sti- 
mulation, adrenal enlargement, and an in- 
creased output of adrenal steroids. On the 
contrary it is also possible that the stressors, 
by increasing cellular needs, possibly for 
energy, may stimulate the pituitary-adrenal 
axis to supply additional hormones because 
of the fact that utilization-rates at the cellu- 
lar level exceed production-rates by the 
adrenal glands. According to this point of 
view, adrenal hypersecretion may be a com- 
pensatory biologic device to reestablish 
homeostasis. If this idea should prove to be 
valid, termination of the catabolic phase 
would call for corticoid administration at 
“physiological” levels rather than pituitary- 
adrenal suppression. 

We are attempting to study this problem 
experimentally by subjecting protein-de- 
pleted rats to the stress of thermal burning 
of approximately one-third of the skin sur- 
face, followed by observations of rates of 
nutritional repletion under comparable con- 
ditions of dietary intake but with the addi- 
tion to some of the rations of varying 
amounts of cortisone acetate. The object is to 
vary the dosage between pharmacological and 
more nearly physiological levels. Because 
these experiments are still in progress, ex- 
perimental details will not be given now. 
They indicate, in general, that daily dosages 
of cortisone acetate at a level of 1.5 milli- 
grams exert a definitely inhibitive effect upon 
tissue synthesis, whereas at levels of 0.25 
milligrams daily the repletion performance 
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at least equals that of non-treated animals. 
It is possible, therefore, that corticoid ad- 
ministration in more nearly physiological 
amounts may be helpful in the early stages 
of stress, particularly at a time when the 
adrenal glands themselves may be in a stage 
of partial “exhaustion.” At any rate, the 
experiments suggest a need for greater at- 
tention to the actions of the corticoids at 
lower dosage levels. 

Cortisone is often referred to as a “cata- 
bolic hormone.” It should be emphasized, 
however, that the term refers only to its 
overdosage effects, i.e., to conditions in 
which growth is inhibited or weight loss 
and a negative nitrogen balance are induced. 
Under such conditions it may also have a 
diabetogenic action, with glycosuria, glyco- 
gen deposition in the liver, insulin resistance, 
and associated with potassium loss, sodium 
retention and lymphoid and thymic involu- 
tion. 

To what extent may such overdosage 
effects simulate features characteristic of 
the metabolic response to injury? Cushing’s 
syndrome is usually thought of as a type of 
adrenal hypercorticism, even though the pa- 
tients may be in positive nitrogen balance. 
In fact, it was because of this that Albright 
suggested that the adrenal corticoids may be 
antianabolic rather than catabolic. If certain 
features of the catabolic phase, however, are 
due to overdosage effects of cortical hor- 
mones, it should be possible to duplicate 
some of them by the use of cortisone alone; 
and in any case it is desirable to know 
where cortisone acts to produce its effects 
and how in particular it inhibits tissue pro- 
tein synthesis. 

In attempting to find answers to these 
questions my associates and I have been 
studying some of the influences of cortisone 
overdosage upon tissue protein synthesis. 
Cortisone acetate can be readily fed to pro- 
tein-depleted rats while they are undergoing 
nutritional repletion, and by appropriate 
changes in the experimental procedures, 
some of the mechanisms which are concerned 
with tissue synthesis can be altered. In this 
way a type of partial hyperadrenocorticism 


, 
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can be produced without the introduction of 
other stressor agents. 

Depleted animals fed a standardized re- 
pletion ration which supplies all nutrients 
necessary for effective rebuilding of de- 
pleted tissues gain weight steadily (an aver- 
age of approximately 3.5 grams per day over 
periods of from 10 to 20 days). By the use 
of such a ration with a daily caloric poten- 
tial of 38 calories, optimal tissue protein 
gains are possible with a minimal deposition 
of fat. If, however, to this daily ration 3 
milligrams of cortisone acetate are added, 
weight recovery diminishes despite the con- 
tinued consumption of the ration. In fact, 
under these circumstances the weight gains 
average only about one-half of those obtained 
with the ordinary ration. It is apparent, 
therefore, that cortisone causes a wastage of 
dietary protein, at least with reference to 
its utilizability for tissue protein synthesis ; 
and if larger doses of cortisone are adminis- 
tered, weight loss ensues, associated with a 
negative nitrogen balance and an increasing 
death rate from intercurrent infection. 

Inasmuch as cortisone under these condi- 
tions definitely inhibits tissue protein synthe- 
sis it seemed important to determine the 
possible degree of inhibition which might be 
accomplished by the release of adrenal ste- 
roids following treatment with ACTH. Ac- 
cordingly, groups of protein-depleted rats 
were injected subcutaneously, four times 
daily, with large dosages of ACTH (5 mg. 
and 10 mgm. daily) while undergoing pro- 
tein repletion in the usual way. The effective- 
ness of the dosage is evidenced by the fact 
that at necropsy the adrenal weights of the 
animals treated with ACTH doubled or 
tripled those of the rats not so treated. 
Nevertheless, the bodily weight gains were 
considerably higher than those observed 
following the daily ingestion of 3 milligrams 
of cortisone acetate, averaging about 2.6 
grams per day. This suggests that ACTH 
stimulation failed to release adrenal steroids 
equivalent in inhibitive effect to the daily 
administration of 3 milligrams of cortisone 
acetate. 


Our next to ascertain 


problem was 
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whether cortisone at such overdosage levels 
actually exerts a catabolic effect. If this is 
the case, it should enhance the catabolic 
processes in well-nourished rats already in 
a catabolic state from ingestion of a nitro- 
gen-free ration. By comparing weight losses 
in one group of animals with those of a 
similar group in which each rat is ingesting 
3 milligrams of cortisone acetate daily, any 
additive catabolic effects should engender 
further weight loss. In two experiments in 
which this procedure was followed, with 
catabolism proceeding over periods of from 
17 to 20 days, the ingestion of cortisone 
caused each of the rats, on the average, to 
lose approximately 25 per cent more weight 
than did those not receiving cortisone. There 
was also a corresponding loss of urinary 
nitrogen and potassium. Similar results were 
also obtained with protein-depleted animals. 
It is evident, therefore, that under these 
conditions of ordinary catabolism due to the 
absolute lack of dietary nitrogen, cortisone 
acted catabolically to accelerate tissue protein 
breakdown. It is of interest that Ingle and 
associates have observed that cortisone ac- 
celerates the rise in plasma amino acids in 
the liverless rat. 

This evidence of a catabolic action of cor- 
tisone suggested a reexamination of the 
possible relationship of potassium intake to 
cortisone overdosage, inasmuch as a negative 
potassium balance is also a characteristic 
feature of the catabolic phase. In short, if 
cortisone at high dosage levels acts cataboli- 
cally, could a loss of potassium account for 
some of its catabolic effects? In order to test 
this possibility protein-depleted rats were fed 
a repletion ration exceedingly low in potas- 
sium (10 mg KCl daily), but otherwise 
adequate nutritionally. The cortisone acetate 
was fed or injected subcutaneously, with the 
customary effect of inhibition of tissue pro- 
tein synthesis. Nevertheless, the addition to 
the ration after a few days of large amounts 
of potassium chloride (181 mgm per rat per 
day) failed to remove the cortisone inhibi- 
tion, thus indicating that the inhibition of 
tissue synthesis was not due directly to 
potassium deficiency. Furthermore, no myo- 
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cardial lesions indicative of potassium de- 
ficiency were seen at necropsy. 

Because of the fact, however, that in 
human subjects high dosages of cortisone 
may favor potassium loss, it is common 
practice to prescribe potassium chloride and 
a low salt diet to patients receiving high 
dosages of cortisone. In reference to this 
practice, we have observed a patient with 
myelogenous leukemia who was so treated 
while receiving large dosages of cortisone. 
At necropsy the patient exhibited marked 
myocardial necroses characteristic of po- 
tassium deficiency, despite the fact that he 
had been receiving potassium chloride. Such 
a paradoxical finding suggested the possibility 
that if the patient terminally were in a 
markedly catabolic state, cortisone, by aug- 
menting the catabolic processes, might have 
led to mounting losses of tissue protein 
and potassium. This suggested a further 
question: How effectively can potassium be 
utilized as an intracellular cation in the 
presence of a general catabolic state? 

Inasmuch as there is evidence that the 
retention and excretion of both nitrogen and 
potassium follow parallel courses, the ques- 
tion arises: If nitrogen retention is a char- 
acteristic of the anabolic state, why should 
not this also be true for potassium? And if 
so, should the therapeutic use of potassium 
in the course of catabolism be conducive to 
its cellular retention? Or does it merely 
add more potassium to the outgoing stream 
of urine which is already eliminating large 
amounts of nitrogen and potassium as a 
consequence of an actively progressing tissue 
degradation? 

In an effort to answer these questions, 
three experiments were performed in which 
nitrogen and potassium balances were deter- 
mined under varying circumstances. In the 
first experiment protein-depleted rats were 
fed a ration devoid of both nitrogen and 
potassium. On this regime the animals lost 
weight and remained in negative potassium 
balance. While continuing to eat the ration 
each animal was injected subcutaneously 
daily over a four-day period, receiving in 
this time 1000 microequivalents of potassium 
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chloride. They continued to lose weight, and 
at the end of the period were still in negative 
potassium balance. However, during the 
third four-day period, in which a mixture of 
amino acids was added to the ration, all 
animals gained weight and all went promptly 
into positive potassium balance. In similar 
experiments in which well-nourished rats 
were used, the animals went into positive 
potassium balance only when they were 
simultaneously going into positive nitrogen 
balance. On the other hand, they also went 
into negative potassium balance as_ they 
went into negative nitrogen balance. 

From these experiments it is evident that 
effective potassium utilization tends to paral- 
lel anabolism and that, in the presence of 
catabolism, conditions conducive to potas- 
sium utilization for purposes of tissue syn- 
thesis are unfavorable. The experiments 
seem to reinforce the argument, also, that 
in the presence of the combination of corti- 
sone overdosage and severe catabolism, po- 
tassium administration is not a logical pro- 
cedure until anabolism has again been re- 
established. 

_ It is generally agreed that stress and its 
associated metabolic response engender a 
considerable loss of vitamin stores. There is 
the possibility, therefore, that vitamin de- 
pletion might enhance the inhibiting action 
of cortisone upon tissue synthesis. If this 
is so, correction of the vitamin deficiency 
should reduce or remove the cortisone in- 
hibition. Meites and associates have demon- 
strated that growth improvement occurred 
in young rats which were receiving high 
dosages of cortisone, by the addition of 
Vitamin B 12. They attributed the added 
growth to the increased food consumption 
accomplished by improvement in appetite. It 
should be noted, however, that they used 
animals which had previously been made 
vitamin B 12 deficient, so it is possible that 
the improvement in appetite may have been 
due more to the correction of the vitamin 
B 12 deficiency than to the cortisone itself. 
We attempted, by ad libitum feeding, to 
determine whether the cortisone inhibition in 
protein-depleted rats undergoing repletion 
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might be counteracted by increased intakes of 

vitamine B 12. In no instance, however, did 

we find any evidence that augmented intakes 

of vitamin B 12 decreased the inhibitive 
effects of the cortisone. Evidently under 
these conditions the cortisone inhibition of 
tissue protein synthesis was too potent to be 
affected by the addition of vitamin B 12. 

In other experiments we fed increased 
amounts of our customary vitamin mixture, 
in one group of animals in triple daily 
amounts, with no influence upon the corti- 
sone inhibition. Likewise, additional ascor- 
bic acid intakes up to 40 milligrams per rat 
daily failed to influence the inhibitive action 
of the cortisone. 

The experiments of Meites et al. suggested 
however, that if cortisone acts as a metabolic 
waster of dietary protein, a reduction of the 
wastage by caloric supplementation might 
minimize the presumed diversion of certain 
amino acids into carbohydrates and fat. We 
therefore added an additional 12 calories per 
day to the cortisone rations and quickly 
noted an acceleration of weight gains in the 
course of protein repletion. This happened, 
moreover, whether the calories were supplied 
in the form of additional protein, carbohy- 
drate or fat. However, carcass analysis re- 
vealed that in all instances there was no in- 
creased nitrogen retention; on the contrary, 
in each instance there was a considerably 
incréased deposition of bodily fat. Here, 
again, protein wastage above a certain intake 
level persisted despite the added caloric in- 
crements. These findings are in agreement 
with previous observations. Thus Engel has 
cited evidence that carbohydrate and other 
foodstuffs can decrease the catabolic effect 
of the adrenal cortical hormones and has 
suggested that the heightened appetite which 
often occurs during treatment with ACTH 
or cortisone “represents a homeosiatic re- 
sponse by the body which tends to sustain 
nitrogen balance.” 

Although reference has been made fre- 
quently to the action of cortisone as cata- 
bolic, this does not exclude the possibility 
that under some conditions it may also act 
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antianabolically. For example, it is commonly 
assumed that the inhibition of protein 
metabolism results from gluconeogenesis 
with a consequent diversion of certain 
amino acids to carbohydrate and fat. Under 
such circumstances the cortisone diverts pro- 
tein from its primary function of tissue 
construction or reconstruction, but it is not 
yet known whether amino acids are cata- 
bolized in the process or whether enzymatic 
blockage exerts an antianabolic action. 

If, however, cortisone exerts an antiana- 
bolic effect upon tissue protein synthesis, it 
is possible that an anabolic agent such as 
testosterone might counteract the effect to 
some extent, in view of the fact that this 
substance in man promotes nitrogen reten- 
tion. It has also been claimed that treatment 
with testosterone has inhibited the catabolic 
effects of hyperadreno corticism. We have 
attempted to determine the possible antago- 
nistic action of testosterone in protein-de- 
pleted rats undergoing repletion while re- 
ceiving cortisone, but in no instance have 
we as yet found any marked effects. We 
have used testosterone propionate by subcu- 
taneous injection, and methyl testosterone by 
ingestion, in both male and female animals. 
Our results suggest that in the rat at least, 
the cortisone inhibition of tissue synthesis 
seems to have priority claims in general me- 
tabolism which testosterone is unable to chal- 
lenge successfully. 

In summary, our studies point to the need 
for more critical investigations of the meta- 
bolic mechanisms affected by stressors and 
the part played by various nutritional and 
hormonal elements in the reestablishment 
of homeostasis. It seems evident that efforts 
should be made to study hormonal actions at 
physiological levels rather than in the exag- 
gerated conditions of overdosage, where the 
effects are actually those of drug-action 
rather than physiological. Once these mecha- 
nisms are clearly understood, it may be 
possible to shorten the catabolic phase and to 
reduce its severity by appropriate nutritional 
and hormonal measures. 
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The Spectrum of Structural Change 
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WO pathogenic factors operate in the 

production of the structural changes 

that are found in the kidney of Acute 
Renal Failure; one, in a sense extraneous 
to the nephrons, is a reflection of the cir- 
culatory disturbances of renal ischemia, it- 
self often a part of a general circulatory 
collapse; the other, inherent in the function 
of the nephrons as concentrating and elimi- 
natory organs, is less easily defined, but may 
be designated as the nephrotoxic insult.’ 

Each of the two factors produces its 
structurally characteristic effect on the renal 
tubule; the first, the ischemic tubulorhextic 
lesion with disruption of the tubular wall 
and the second, the simpler lesion of a 
necrosis of the epithelium. The former, from 
the extraneous nature of its origin, shows 
no topographical localization in the nephrons 
other than that in most instances the cortical 
area is more severely involved, while the 
latter, determined by the functional char- 
acteristics of the nephron, is limited to cer- 
tain well defined segments of the proximal 
convolution. 

In contrast to these frank 
lesions in the tubule of the nephrons, only 
indirect evidence Acute Renal 
Failure of glomerular damage: that the 
glomerular membranes are affected by both 
the ischemic and toxic factors can be clearly 
appreciated, however, by the leakage of 
protein into the tubular fluid, but the tissues 
of the tufts remain essentially intact. From 
this difference in the nature of the structural 
change in glomeruli and tubules there arise, 
at a later period when the problem of re- 
stitution of function and repair present 
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themselves, certain of the most striking clini- 
cal features of the syndrome. 

Under the controlled conditions of experi- 
mental procedure it is possible to produce 
Acute Renal Failure in the two forms de- 
scribed with a remarkable degree of exact- 
ness. Clamping of the renal artery, as in the 
experiments of Van Slyke and Phillips, re- 
sults in scattered stretches of tubular dis- 
ruption in nephrons whose epithelium is 
otherwise structurally intact. On the other 
hand, the injection of small or moderate 
doses of nephrotoxic poisons produces 
necrosis of the epithelium sharply localized 
to varying, apparently functionally differenti- 
ated, portions of the proximal convolution, 
with no evidence of tubulorhexis. 

Perhaps of even greater importance in the 
elucidation of the phenomena of Acute 
229 
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Renal Failure as they are seen in man, is 
the experimental demonstration that the two 
contrasting forms of structural change which 
I have hitherto described as arising from 
different pathogenic origins can be combined 
as the result of an extreme toxic insult. That 
this combined pattern of the two forms of 
tubular damage is the result of an ischemia 
superimposed on the primary toxic effect, 
is directly demonstrable by visual observa- 
tion of the circulatory pattern as it exists 
in vivo as well as indirectly by hemodynamic 
studies by means of clearances. 

From this theoretical description of the 
elements of structural change that occur in 
Acute Renal Failure which is based on the 
results of the simpl' ed conditions of ex- 
perimental procedures, one can turn to a 
consideration of what structural alterations 
are found in the kidney and nephrons of 
man when, as an episode in any clinical situ- 
ation, sudden failure of renal activity occurs. 
As one might anticipate, it is never the simple 
and well defined pattern of the experiment 
that is met but, to use the time-worn meta- 
phor of the spectrum, some intermediate and 
at first glance confused segmental picture 
that may lie in any position between the two 
clearcut extremes of the experimental 
lesions. The location of each particular case 
in the broad band of shifting structural al- 
teration is determined in part at least by 
the nature of primary clinical disturbance in 
which the renal lesion may be considered an 
episode. 

In the “crush kidney,” 
pattern of structural change may approxi- 
mate the simplicity of purely ischemic 
tubulorhextic damage, but on closer ex- 
amination the purity of the pattern is found 
to be disturbed by the presence of toxic 
effects, these perhaps not clearly definable, 
but to be expected in the presence of exten- 
sive tissue damage which may include the 
release of myoglobin into the circulation. 

On a similar background of predominant 
disruptive tubular change, the structural 


for example, the 


lesions referable to toxic effect are even more 
appreciable in the Acute Renal Failure that 
follows severe burns, though here again the 





exact nature of the nephrotoxic poisons may 
not be clearly known. 

In the kidney of the transfusion accident, 
where confusion may be compounded by the 
superimposition of its own deleterious effects 
on a kidney already damaged by the primary 
insult of shock, the possible toxic effect of 
hemoglobin must be considered. Although 
the structural damage in such kidneys looks 
much more whether examined 
grossly, in histological sections or in in- 
dividual nephrons, there is considerable 
evidence to suggest that hemoglobin per se 
is not a renal poison of sufficient potency to 
cause structural lesions even if its pigments 
do intensify apparent abnormalities by their 


intense, 


disagreeable color. 

Proceeding from these examples of Acute 
Renal Failure in man where the nature of 
the toxic factor is obscure and the structural 
evidences of its effect moderate, we may 
pass to the other extreme of the spectrum 
of shifting patterns where, in cases of frank 
poisoning, the nephrotoxic necrosis of the 


epithelium of the proximal convolution pre- - 


dominates. As I have said it is only in recent 
years that it has been appreciated that the 
renal lesion in poisoning is more than a 
simple necrosis of tubular epithelium. How- 
ever, it has been clearly established by both 
functional hemodynamic and _ structural 
studies that renal ischemia is almost a uni- 
versal complication of the renal lesion in 
human poisoning and that in every case 
there can be found not only the predominant 
nephrotoxic lesion of the proximal convolu- 
tions but in varying degree, the scattered 
disruptive tubulorhextic lesions of renal 
ischemia. The kidney of sublimate poisoning 
is an outstanding example of a situation 
where the combination of two pathogenic 
mechanisms acting together produce a com- 
bined effect. 

To the examples I have given of various 
forms of Acute Renal Failure might be added 
a host of others of varying clinical origin, 
each of which in their structural pattern 
would fit on the broad spectrum of structural 
change that lies between the two elemental 
types of tubular damage. 
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Structural Change in 


Having now established in terms of broad 
generalization the spectrum of structural 
change in Acute Renal Failure, it would 
perhaps be wise to introduce at this point 
before the critical examination that will fol- 
low in our discussion period the case of one 
form of Acute Renal Failure which might 
seem to disturb the perfection of my anal- 
ogy. I refer to the renal lesion of Epidemic 
Hemorrhagic Fever. 

The clinical course of the renal disturbance 
with its period of oliguria following the 
hypotensive stage of this disease, is associ- 
ated with decreased renal blood flow and 
there then follows, in the favorable case, 
the typical diuresis of the classical syndrome 
of Acute Renal Failure. The gross structural 
changes seen in the fatal case are, however, 
so strikingly distinctive and characteristic 
that, in the absence of an etiological basis, 
they have become the criterion of diagnosis 
of the disease. This pathognomonic renal le- 
sion consists of a subcortical zone of intense 
congestion which, increasing to intertubular 
hemorrhage results, as our studies by means 
of microdissection have shown, in stasis and 
final necrosis of all the parenchymal ele- 
ments that lie in or pass through the in- 
volved zone. 

A consideration of the pathogenesis of 
the disease at least rationalizes the excep- 
tional nature of these distinctive modifica- 
tions of the structural change even if it does 
not fit them very neatly into the pattern of 
my metaphorical spectrum; we can consider 
them, therefore, the exception that proves, 
or better, if we remember our Latin, tests 
the rule. 

The hypotension which, with the develop- 
ment of shock, induces a degree of renal 
ischemia is the result of a decreased circu- 
lating blood volume that results from an 
atonicity and increased permeability of the 
peripheral small vessels throughout the 
body; plasma pours out into the extravas- 
cular spaces and blood cells are entrapped 
in the widely dilated capillaries and venules 
of the tissues generally. 

The circulatory bed of the kidney is in- 
cluded in this general disturbance. But the 
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vascular pattern of the renal circulation has 
as a special topographical characteristic, the 
existence of a critical area, the sub-cortical 
medullary zone where all the distributing 
arteries to the cortex arise and where col- 
lecting veins terminate in larger trunks to 
leave the kidney. Between these larger ves- 
sels and directly connected to both by the 
wide efferents of the glomeruli of the lower 
cortex is the intertubular network of what 
has been called the “medullary sponge.” It 
is these smaller vessels, efferents and inter- 
tubular capillaries and venules that are 
atonic and fragile, so that even in the pres- 
ence of a reduced renal blood flow and a 
relative renal ischemia, congestion of widely 
dilated vessels with fragile walls progresses 
to intertubular hemorrhage. Stasis and 
anoxia are the terminal events that lead to 
necrosis of all the elements that lie in or 
pass through the zone of involvement. 

In short, the renal lesion of Epidemic 
Hemorrhagic Fever may be considered as an 
example of Acute Renal Failure occurring 
in a kidney with a damaged vascular sys- 
tem; the distinctions noted in its pattern of 
structural change and that of the classical 
example of Acute Renal Failure are ex- 
plainable on the basis of topographical and 
quantitative differences rather than on quali- 
tative factors. The lesions in the subcortical 
zone are an extreme example of ischemic tu- 
bulorhextic damage that involves great seg- 
ments of nephrons and collecting ducts ; the 
lesser expressions of this tubular change are 
always present in the proximal convolutions 
of the renal cortex. 

So far I have discussed only the differ- 
ences in structural effect of the two patho- 
genic factors as they are seen in the origin 
of Acute Renal Failure; time will not per- 
mit a detailed reconsideration of the later 
stages of structural repair and restitution of 
functional activity other than to point out 
that through the entire course to ultimate 
clinical recovery ‘there persist evidences of 
its double origin and effect.’ 

The differences noted in the manner of 
the structural repair of the two lesions can 
be noted in a few words. The tubulorhextic 
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lesion of ischemia is exceedingly difficult of 
repair since its lesion is a disruption of the 
entire tubular wall with the production of a 
complete tissue defect; in the extreme case 
of Epidemic Hemorrhagic Fever the tubules 
of the nephrons and the collecting ducts are 
in fact severed. It is doubtful, therefore, if 
a nephron so damaged ever repairs; there 
results a reduction in the total number of 
nephrons and functional recovery depends 
on the activity of those that may have by 
chance escaped the primary ischemic insult. 
Tubular hyperplasia and hypertrophy doubt- 
less aid in the final functional result, but it 
is noteworthy that the individual who has 
passed through the severe crisis of Acute 
Renal Failure often shows, in spite of his 
clinical appearance, a lessened functional 
reserve when tested by the more rigorous 
refinements of clearance methods. 

In the case of the nephrotoxic lesion, 
epithelial regeneration occurs early and 
spreads along the intact basement membrane. 
The damaged tubules are promptly relined, 
but weeks, or even months are required for 
the structural maturation of the new-formed 
atypical epithelium. During this protracted 
period, tubular function slowly and gradu- 
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ally returns as is indicated by the difficulties 


noted in the tubular transport and handling 


of electrolytes. In this problem perhaps 
another functional-structural correlation is 
possible since it can be shown that the 
structural aspect of this delay coincides with 
the slow progress of the reformation of those 
fundamental cell organelles, the mitochon- 
drial rodlets, and a restitution of the enzyme 
systems with which so much recent evidence 
connects them. 

To summarize, in Acute Renal Failure one 
finds two pathogenic factors operating to 
produce structural lesion of strikingly dif- 
ferent nature. These differences persist 
throughout the entire course of the disease 
from onset to clinical recovery. From the 
antitheses of their structural effects the 
functional patterns of each individual can 
be in large part reconstructed. 
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(With one illustration) 


N AN attempt to evaluate functional 
I changes occurring during the course of 

acute renal failure, it is important to 
remember the extreme difficulty which one 
may encounter in attempting to correlate 
structural change with that of function in 
severely damaged kidneys.’ In acute renal 
failure (an example of sudden and extreme 
structural change) this is particularly diff- 
cult. Dr. Oliver’s work has demonstrated 
that in acute renal failure two types of 
lesions may occur. One of these is the 
tubulorrhexic lesion which results in rup- 
ture of the basement membrane with ex- 
travasation of the tubular contents, inflam- 
matory peritubular response and edema. 
The second is the nephrotoxic change, char- 
acterized by necrosis of tubular epithelium 
and seen particularly in relation to exposure 
to toxic substances. This lesion is predomi- 
nantly, though not exclusively, localized in 
the proximal! convolution. It has _ been 
stressed that both these lesions may be pres- 
ent whether the precipitating agent has been 
renal ischemia or toxic damage. The fact 
that they may be manifest as patchy damage 
with relative sparing of certain segments of 
the renal parenchyma has been emphasized, 
and this fact seems of paramount impor- 
tance. In acute renal failure what functional 
data we can obtain is complicated by the 
difficulty of evaluating the results of tests 
where the kidney, because of marked dam- 
age, handles test substances in an abnormal 
fashion. However, reasonably accurate data 
can be obtained by the application of the 
Fick principle, measuring arterial concentra- 
tions of the test substances simultaneously 
with those obtained from the renal vein and 
urine. We and others have shown that the 
renal extraction of one stich test substance, 
para-aminohippurate, is markedly diminished 
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in acute renal failure. However, the applica- 
tion of the Fick principle has indicated that 
the renal blood flow is indeed decreased. 
Others? have obtained data suggesting that 
inulin may be filtered at the glomerulus 
(which is relatively spared) and may back 
diffuse through the damaged tubules. Such 
physiologic data, meager and controversial 
as it is, may be interpreted to fit with the 
demonstration by the pathologist that rup- 
ture of the basement membrane of the 
tubules may lead to extravasation of its con- 
tents into the interstitium. The resultant 
edema, as well as the specific necrosis of the 
tubular cells with sloughing and obliteration 
of tubular lumen, may account for lack of 
function in whole groups of nephrons. Re- 
membering, however, the patchy distribu- 
tion of these lesions and the fact that whole 
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sections of the kidney may be spared, it is 
possible further to suggest that the sudden 
suppression of urine formation may be ac- 
counted for by the occlusion of relatively 
normal nephrons by acute inflammatory 
edema. Such an interpretation fits well with 
the pale swollen kidney seen at autopsy in 
such cases. The fact that congestion of the 
peritubular capillaries and renal interstitial 
edema may decrease filtration rate is an old 
observation and one which for some time 
cast doubt upon Cushny’s theory of the for- 
mation of urine by filtration,® since it was 
reasoned that in peripheral capillaries con- 
striction of the venous side should result 
in increased rather than decreased filtration 
through the capillary. Winton,‘ however, 
demonstrated that raising the intratubular 
pressure above the increment in the peri- 
tubular capillaries occasioned by constric- 
tion of the renal vein would prevent the de- 
crease in filtration. The importance of peri- 
tubular congestion and edema in influencing 
urine formation is thus apparent. In this 
fashion both the tubulorrhexic lesion and 
patchy renal ischemia could account for 
sudden and total suppression of urine flow. 

In following a large number of patients 
with acute renal failure we have other evi- 
dence also that this may be the case. Occa- 
sionally, although not frequently, one sees 
patients in whom acute renal failure is ac- 
companied by urine volumes of 150 to 200 
ml a day for four to five days. On the sixth 
day, however, the urine volume may rise 
abruptly to 1500 or 2000 cc. It is inconceiv- 
able that such a sudden rise in urine volume 
could result from the healing of tubular 
lesions, nephrotoxic or tubulorrhexic. It is 
entirely possible, however, that the resorp- 
tion of edema fluid might at a critical point 
allow thousands of relatively spared 
nephrons to resume the formation of urine. 
One may ask then: “If renal interstitial 
edema is an important factor in anuria, why 
does not decapsulation of the kidney with 
the expected release of intrarenal tension 
consistently result in improvement in urine 
flow?” The answer has been given by Dr. 
Winton who points out that the renal tissue 





is rigid enough so that decapsulation alone 
does not reduce intrarenal tension very 
much.°® 

If we accept the explanation that the be- 
ginning of the diuretic phase following 
acute tubular necrosis is due to the resump- 
tion of function in a few relatively normal 
nephrons, we are confronted with a situa- 
tion in which a small number of nephrons 
are attempting to excrete a large solute load. 
The solute load in this case is represented 
by the marked increase in blood urea. If the 
presentation of a large amount of a solute 
such as urea to a normal kidney results 
in the phenomenon known as_ osmotic 
diuresis, and if we believe that in acute 
renal failure, a few normal nephrons are at- 
tempting to excrete a large amount of re- 
tained urea, we must postulate a tremendous 
increase in filtered solute load per nephron. 
The characteristics of an osmotic diuresis 
in the normal kidney are the excretion of a 
large amount of dilute urine. This is exactly 
the situation that one sees in the diuretic 
phase following acute tubular necrosis. This 
explanation is very plausible although un- 
doubtedly specific damage to the tubules 
modifies it to some extent. In this regard 
it has been suggested by Bull® that specific 
lesions in the proximal tubule may result 
in a “pathological glycosuria.” This gly- 
cosuria, however, was only evident when 
one used such sensitive tests as chromatog- 
raphy. It is well to remember that using 
sensitive enough tests one may discover that 
the normal individual may excrete as much 
as 90-100 mgm. of glucose per day. In a 
patient with diabetes mellitus and acute 
renal failure due to intoxication with a com- 
mon nephrotoxin, carbon tetrachloride, we 
were unable to find glucose in the urine even 
when the blood sugar rose as high as 400 
mgm. per cent. Even if slight glycosuria 
were detected in many cases of acute renal 
failure, this fact is not incompatible with 
the theory that urine is being formed by a 
small number of tubules in a state of osmo- 
tic diuresis. We know, for instance, that 
osmotic diuresis decreases the resorption of 
sodium whose transport is an energy-de- 
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pendent process much as that of glucose, 
and it is entirely possible that osmotic 
diuresis per se may decrease the ability of 
the tubule to resorb glucose. At the present 
time we are examining this concept. 

We have consistently found during the 
early diuretic phase following acute renal 
failure that the urine is hypotonic to the 
plasma. Such a phenomenon might be com- 
patible with extreme osmotic diuresis. It 
might also be compatible with the fact that 
structural damage to the tubule in some 
manner allows the preferential resorption 
of solute but not of water, but this, I think, 
is a less likely explanation. In attempting to 
examine the concept that this is an osmotic 
diuresis, we have studied the diuretic phase 
in such patients by solute loading them with 
mannitol. It has been shown’ that with man- 
nitol loading the normal kidney excretes 
urine at flow rates which bear a characteris- 
tic relationship to the osmotic activity of 
the urine. In these instances increasing rates 
of urine flow are accompanied by an initial 
sharp decrease in osmotic activity, which 
then decreases more slowly, assuming an 
asymptotic form. We reasoned that if the 
diuretic phase of acute renal failure were 
indeed an osmotic diuresis, that further 
osmotic loading should increase urine flow 
along the flat portion of the curve. While 
this indeed did occur, one could not compare 
the curves of the patient with renal failure 
with the normal, since on the flat portion 
of the curve the urine of the normal indi- 
vidual was slightly hypertonic to plasma,’ 
while in the patient with acute renal failure 
it was hypotonic. For the normal kidney 
such data have been compiled in dogs under 
extreme conditions of osmotic loading with 
urea but the points are too few to permit 
a comparison. 

Studies on the influence of carbonic an- 
hydrase inhibition and Pitressin upon 
sodium and water excretion respectively 
during the diuretic phase have shown that 
there is a small, but definite, response to 
these agents. Again such a response might 
be expected with osmotic diuresis but such 
results might also be interpreted as the 
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effect of these agents upon tubules which 
were so damaged as to be only partially 
responsive. 

One of the striking characteristics of the 
recovery from acute tubular necrosis, no 
matter what the etiology, is the persistence 
of inability to concentrate the urine in spite 
of the return toward normal dynamics as 
measured by the clearness of inulin and 
para-aminohippurate. This finding cannot 
be attributed to the phenomenon of osmotic 
diuresis, since blood urea nitrogen is quite 
normal at the time. It may perhaps be better 
attributed to the persistent defect in the 
renal tubule which Dr. Oliver has demon- 
strated in his microdissection studies. As 
Dr. Oliver has also shown, many of the 
damaged nephrons do not regain normal 
function because of abnormal epithelial re- 
generation or permanent destruction follow- 
ing tubulorrhexis. This pathologic fact is 
borne out of our functional studies. Of 17 
patients followed for intervals of 3 to 60 
months following acute renal failure, all 
have shown moderate impairment in the 
clearances of inulin and PAH. Sequential 
studies in such patients have shown slow 
but gradual improvement consistent with 
the healing process. 

That this healing process does occur is a 
fact both of pathological and clinical im- 
portance. With resorption of edema and 
improvement in tubular integrity the all-im- 
portant parameter of flexibility is regained. 
Flexibility in this sense represents the 
ability of the kidney to respond, for ex- 
ample, to sodium depletion by the retention 
of sodium and to sodium loading by the 
excretion of sodium. Dr. Roy Swan and I 
have examined this response in both acute 
and chronic renal failure. Except in ex- 
treme stages of renal failure, the response 
is similar although quantitatively different 
from case to case. The failing kidney re- 
sponds to water loading by a delayed or 
blunted excretion of the water load. Where- 
as the normal kidney may excrete such a 
water load within 4 to 6 hours, the failing 
kidney may require 24 hours. The same 
sort of response is seen in sodium loading. 
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In both water and sodium deprivation the 
renal conservation of these substances is 
slow but does occur. In the kidney recover- 
ing from acute tubular necrosis the “flexi- 
bility” may improve quite rapidly. This is 
evident in daily improvement in the clear- 
ances of creatinine and inulin as well as in 
the response to sodium and water loading. 
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If then on day 4 of the diuresis, we at- 
tempt to replace urinary water and sodium 
losses, we may find that on day 5 our 
urinary water and sodium losses have in- 
creased. If we are not aware that this repre- 
sents a blunted but nevertheless compensa- 
tory response of the renal 
mechanism, we may be tempted to increase 


excretory 
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Fic. 1. Demonstrates “Wisdom of Kidney.” 
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our sodium and water repair on day 5. This 
may be reflected on day 6 by a further in- 
crease in urine volume and sodium excre- 
tion and so on, ad infinitum. If, as so 
frequently happens, our patient during the 
oliguric phase has been overloaded with 
sodium and water, negative balances for 
these substances during the diuretic phase 
may represent a laudable loss of excess ex- 
tracellular fluid. We may then find ourselves 
in the unfortunate position of attempting 
to stay one jump ahead of the kidney which, 
as it recovers its “flexibility,” is attempting 
in turn to stay one jump ahead of us in its 
efforts to attain normal hydration for the 
whole organism. The fruitlessness of such 
a competition has undoubtedly resulted in 
the perpetuation of the myth of prolonged 
salt wasting following “lower nephron 
nephrosis.” An illustrative example of the 
inherent “wisdom of the kidney” is pre- 
sented in Figure 1. Such data has led us to 
believe that if during the diuretic phase of 
acute renal failure the patient is able and 
willing to ingest food and fluid ad lib, that 
the organism itself may be the best judge of 
replacement therapy. Occasionally, however, 
in the early diuretic phase a critically ill, 
normally hydrated patient may require ac- 
curate replacement of urinary losses of 
water and electrolyte. The clinical status of 
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the patient rather than the volume of urine 
and its sodium concentration should weigh 
most heavily in this decision. In the final 
analysis it is the knowledge of such prin- 
ciples both clinical and pathological that 
enable us best to facilitate recovery from 
what is, in the experience of both the pathol- 
ogist and the clinician, an acute, severe, but 
largely reversible lesion. 
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HE subject of wound ballistics in- 

volves pathologic processes as ancient 

as warfare itself and does not concern 
the military surgeon exclusively. Statistics’ 
reveal that violent deaths from firearms and 
explosives in the United States each year 
approximate 13,100 (accident 2,200, homi- 
cide and assault 4,000, suicide 6,900). Pos- 
sibly the number of wounded who do not 
die and come under the care of physicians 


is even greater. 
CASUALTY SURVEYS 


During most of the Korean hostilities, 
Wound Ballistics Research Teams were at- 
tached to medical installations or Quarter- 
master Graves Registration Units in Korea 
and Japan. These teams were sponsored by 
the Research and Development Division, 
Office of The Surgeon General, Department 
of the Army, and included pathologists from 
the Armed Forces Institute of Pathology. 
Their mission was to perform casualty sur- 
veys on battle casualties wounded-in-action 
(WIA), killed-in-action (KIA) and those 
dying of wounds after reaching a medical 
treatment facility (DOW) for determination 
of regional frequency and distribution of 
wounds, types of wounds, causative agent, 
missile passageway, and, for the killed in 
action, probable time of survival and cause 
of death. These casualty survey studies pro- 
vided the medical indications that stimulated 
the development and widespread adoption of 
body armor by U. S. Army and Marine 
troops during the Korean fighting. These 
surveys also resulted in several minor modi- 
fications of the original vest design, which 
improved its protective qualities. 

The military surgeon by virtue of his oc- 
* Paper presented by Captain W. M. Silliphant. 
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cupation has always been primarily con- 
cerned with war wounds. Within the last 
500 years the weapons of war have pro- 
gressed all the way front the bow and ar- 
row to the H-Bomb. As the weapons have 
changed, so have the wounding effects of 
their various projectiles. Identification of 
these missiles and knowledge of their effects 
on the human body? is most important as it 
gives: 1) Insight into the nature of the 
wound, which is of medical value in the 
treatment of battle casualties; 2) Data rel- 
ative to enemy action, which are of mili- 
tary value in determining the effectiveness 
of specific weapons. Such information has 
direct application in the design of our own 
weapons, as well as in the understanding of 
those of the enemy. 

It has been found through casualty sur- 
veys® that over 90 per cent of casualties 
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Wound 


who remain oriented are able to identify 
positively the wounding weapon as artillery, 
mortar, mine, grenade, machine gun, rifle, 
etc. In wounds contracted in civil life it is 
also important to identify the wounding 
agent, both for purposes of therapy and for 
medicolegal implications. That, however, is 
generally a relatively simple matter, as the 
weapons concerned are limited and usually 
readily identified. 
3ALLISTICS AND MILITARY WEAPONS 

Ballistics is the science of the motion of 
projectiles. It is divided into a number of 
sections each dealing with a specific interval 
during the flight of a missile. Interior bal- 
listics is the study of the motion of a pro- 
‘jectile up to the time it leaves the gun; it is 
concerned with the stresses originating from 
the ignition of the propelling charge and the 
motion of the projectile within the gun 
barrel. Exterior ballistics is the study of the 
projectile in its path through air. Terminal 
ballistics is the study of the penetration of 
solids by missiles. Wound ballistics is a 
subdivision of the third section and is the 
science of the motions and effects of pro- 
jectiles in the animal body, upon and after 
impact. 

A basic knowledge of the characteristics 
and uses of military weapons and explosives 
is essential to an understanding of detailed 
wound analyses. The military service weap- 
ons are separated into two major cate- 
gories, depending upon the caliber or diam- 
eter of the bore of a weapon. Small arms 
have a caliber of 0.60 inch or less, and, in 
general, include those weapons that are the 
equipment of the individual soldier: pistols, 
revolvers, submachine guns, carbines, rifles, 
and machine guns. Artillery refers to weap- 
ons that have a caliber greater than 0.60 
inch and have a fixed or mobile mount: 
guns howitzers, mortars, rocket launchers, 
and recoilless weapons. 

Small arms missiles with service weapon 
velocities are usually more lethal (higher 
mortality) than shell fragments, but the 
latter are responsible for more of the 
wounds (higher morbidity) in all types of 
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battle casualties. Missile casualty studies 
conducted during the Korean hostilities 
demonstrated that among the WIA, frag- 
mentation projectiles accounted for approxi- 
mately 85 per cent of the casualties and 
small arms for the remaining 15 per cent. 
Among the KIA, the incidence of wounds 
produced by fragmentation projectiles was 
reduced to approximately 75 per cent and 
the small arms increased to 25 per cent. The 
tactical conditions and modes of combat will 
cause some variation in the proportion of 
causative agents, but the figures cited are 
very similar to those encountered in the 
European Theatre during World War II. 

Military explosives are classified as high 
and low explosives according to their rates 
of chemical transformation. Low explo- 
sives undergo a relatively slow decomposi- 
tion (deflagration) and normally do not ex- 
plode. Since a large volume of gas is pro- 
duced during the transformation, low explo- 
sives are ideal for use as propelling charges 
in small arms and artillery. High explosives 
decompose almost instantaneously, and this 
extremely rapid chemical transformation is 
termed detonation. The high order shattering 
effect is utilized as the bursting charge in 
artillery shells, fragmentation mines and 
grenades, and in aerial bombs. 


HistToricaL NOTES 

Over 100 years ago (1848) Hugier,* a 
Frenchman, studied the effects of bullets 
on soft tissues. He noted the “bursting” 
effect within the tissues due to the missile 
passage. He suggested that this lateral dis- 
turbance was due to the high water content 
of the tissues and that the energy of the 
moving projectile was imparted to the par- 
ticles of water, causing them to disperse 
according to hydrodynamic laws. 

A simple experiment by Kocher in 1874 
substantiated this premise. He filled two 
tin cans of the same size with equal quanti- 
ties of lint, one dry, the other saturated with 
water. A bullet fired through the dry can 
simply perforated it, but one through the 
wet one caused it to burst explosively. 

Another ballistics experiment was re- 
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corded in 1894 by Horsley and Kramer,° 
who fired bullets through dough containing 
various quantities of absorbed water. They 
observed that the destructive effect of the 
missile was strictly proportional to the 
fluidity of each specimen. 

These and many other early observations 
have since been confirmed and the physical 
forces explained, both by field operational 
research on battle casualties and by experi- 
mental wound production. The wounding 
process is a bio-physically complex event 
which can only be observed by the utilization 
of high speed recording technics. In recent 
years, high speed photography and x-rays of 
microsecond exposure (1 millionth of a 
second) clearly document the phenomena of 
experimental wound formation.® 


MECHANISM OF WouND PRODUCTION 


Factors Influencing the Nature of Wounds 
1. Type of missile—nature, size, shape. 
2. Ballistic properties—velocity, kinetic energy, 
stability. 
3. Density of tissues (lung, liver, bone). 
4. Elasticity of skin and tissues. 


The first of these factors is more or less 
self-explanatory. It is obvious that missiles 
of different materials, textures, sizes, or 
shapes will cause wounds of varying nature. 

The wounding potential of a missile is 
closely related to certain of its ballistic 
properties and the impact velocity at the 
time of wounding is a primary considera- 
tion. It is essential to understand the differ- 
ence in wounding power between low and 
high velocity missiles. Velocity is expressed 
in feet per second. (ft./sec. or f/s). 

Low Velocity Missiles. Production of a 
wound by a low velocity missile is a rela- 
tively simple mechanism. For instance, in a 
knife or bayonet thrust, the blade glides be- 
tween the tissue planes, severing only those 
tissues with which it comes in contact. The 
primary injury is confined directly to the 
tissues in the path of the weapon. The 
bayonet, unless it severs vital structures, is 
far less destructive than small shell frag- 
ments of appreciable velocity. 

High Velocity Missiles. The mechanism 





of wound production by a high velocity 
missile (bullet or fragment) is more com- 
plicated than that by one of low velocity. 
The kinetic energy possessed by the missile 
is of great significance. Kinetic energy is the 
forward motion of a projectile expressed 
in foot/pounds according to the formula: 
MV? MV? 


KE = —_ = 
2G 644 





(M = Mass in pounds, V = Velocity in 
ft./sec, G = Acceleration due to gravity in 
ft./sec.) From this formula it readily can be 
seen that the velocity of the missile is a 
decidely more influential factor in the deter- 
mination of the kinetic energy than is the 
mass. 

The act of wounding is a rapid localized 
impact on the body, lasting less than .01 sec- 
ond. A missile imparts kinetic energy to the 
tissues and flings them away from its path. 
The higher the kinetic energy of the missile, 
the more it imparts and the greater the 
wounding power. The effect of the missile 
itself is thus augmented, because it creates 
secondary missiles of the body substances. 
The tissues are flung away from the wound 
tract in a radial direction, and initially they 
have a velocity that is an appreciable frac- 
tion of the velocity of the primary mis- 
sile.** This results in the formation of a 
temporary cavity around the wound tract, 
the maximum size of which is determined 
by two opposing forces: 

1. The energy and behavior of the missile (a 

disruptive force). 

2. The elastic properties of. the tissue involved 

(a retentive force). 


Let us first take up the disruptive force 
and its effects on the body tissues. In gen- 
eral, for a given projectile, the higher the 
velocity at the time of impact, the larger 
the volume of the temporary cavity of the 
wound. The volume of the cavity produced 
by a high velocity missile is many times that 
of the missile itself (Fig. 1). 

The wall of the expanding cavity can 
exert high local forces, which may result in 
disruption of tissue, rupture of blood vessels, 





an 


di 


po 
qu 
TO 
Se! 


tio 
pi 
ca 
sil 


Sta 
co} 
ari 


ba 








the 
dev 
ond 
dan 


m- 
ity. 
sile 
the 


sed 


oO 


- 


wr ~ © KS OO 





and nerves, and even fracture of bones at 
distances removed from the missile path. 
The cavity formation, however, is a tem- 
porary phenomenon, in that the elastic 
qualities of the tissue allow them to return 
roughly to their former position after a 
series of pulsations, leaving only the per- 
manent wound tract (Fig. 2). These pulsa- 
tions can be demonstrated only by motion 
pictures or serial x-rays. The temporary 
cavity continues to enlarge after the mis- 
sile causing it has passed. 

The third ballistic property is that of 
stability. As far as individual wounds are 
concerned, stability pertains only to small 
arms missiles that are fired from rifled 
barrels. 

Bullets originating from modern service 





Fic. 1, Microsecond x-ray of a bullet perforating 
the limb of an animal. The. temporary cavity is 
developing, and bone fragments are acting as sec- 
ondary missiles and contributing to the tissue 
damage. 
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Fic. 2. Section of liver demonstrating the per- 
manent wound tract and the evidence of temporary 
cavitation following the passage of a Chinese Com- 
munist caliber .30 rifle bullet. The missile entered 
the dome of the liver and emerged from the under 
surface. There is marked destruction along the per- 
manent tract with disruption of tissue at sites some 
distance from the actual missile passageway. 


weapons derive their stability or “gyro- 
scopic inertia”® from the spin imparted to 
them by the rifling in the barrel of the 
weapon. Any angle deviation of the bullet 
from the long axis of flight is known as the 
“vaw,” the degree of which depends on 
several factors including bullet design, pre- 
cision of manufacture, and any deformity. 
While the stability of the bullet is not per- 
fect because of the precession, or wobbling 
characteristic of all spinning bodies (i.e., 
a spinning top), the gyroscopic force tends 
to maintain the bullet in essentially normal 
position in air, with its point to the front, 
so that it generally hits the target “nose-on” 
or nearly so. 

In tissues, however, the bullet rarely re- 
tains its stability or “nose-on” position, and 
this is especially true as it passes from tis- 
sue to tissue of different density, or if it 
hits bone. The gyroscopic spin, which was 
adequate to stabilize the bullet in air, in the 
increased density of the tissue is no longer 
sufficient to counteract the increase in op- 
posing forces. The bullet may become so 
unstable that it loses all orientation to its orig- 
inal course through air. It may travel side- 
wise or even tail first. Some authorities con- 
sider these motions due only to an increase 











Military Medicine 











































Fic. 3. Lower left, microsecond x-ray of the tem- 
porary cavity in a 20 per cent gelatin tissue model 
following the passage of a stable, non tumbling 
bullet. Upper left, photograph of the permanent 
tract remaining in the same gelatin block. 


Lower right, microsecond x-ray of the temporary 
cavity in a 20 per cent gelation tissue model fol- 
lowing the passage of a bullet which entered from 
the right and began to tumble shortly thereafter. 
With the increase in the presented area of the bullet, 
a greater transfer of kinetic energy occurred and 


~eee 


the temporary cavity is larger. 

Upper right, photograph of the permanent tract 
remaining in the same gelatin block. There is in- 
creased destruction of the tissue model in the area 
of the greatest cavitation. 


in “yaw’’?° and prefer not to use the term 
“tumbling.”* This phenomenon, regardless 
of its mechanism, results in an increase in 
the contact between the oncoming surface 
of the bullet and the tissues. The increase in 
the presented or “wetted” area of the bullet 
produces more direct tissue destruction and 
the greater transfer of the kinetic energy 
causes more extensive damage to tissues and 
organs. 

Missiles derived from fragmentation type 
projectiles, however, are not governed by the 
laws pertaining to spinning bodies. These 
fragments are given no definite orientation 
in flight, are geometrically irregular, and 
do not have stability in air. Due to normal 
tumbling motions, they may hit at any angle. 
Except for this lack of stability, their wound- 
ing potential is governed by the same factors 
applicable to spinning bullets. A spent bullet 
or a richocheting bullet may be tumbling 
upon impact, i.e., it may penetrate at an angle 
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or even broadside. Its effects would then 
more closely resemble those of a missile frag- 
ment. 

The increased wounding power resulting 
from tumbling of a bullet in passing 
through a medium of increased density is 
well illustrated in Figure 3. 

Secondary missiles greatly increase the 
wounding potential. These may result from 
the use of lead, hollow-nose (dum-dum) bul- 
lets, which break up in the tissues with the 
fragments fanning out and becoming second- 
ary missiles, each with its own disruptive 
wounding power. This results in far more de- 
structive wounds. The Geneva Convention 
prohibits the use of this type of ammunition 
in warfare. 

Bone fragments are also a source of sec- 
ondary missiles, and they may be carried 
out through and around the wound of exit. 
3one. chips and splinters are commonly 
found in the brain and head wounds, due to 
splintering of the inner table of the skull 
(Fig. 4). 

Other secondary missiles frequently en- 
countered and carried in by the primary 
missile are articles of clothing, particularly 
buttons and belt buckles, also pocket con- 
tents and fragments of ammunition clips. 
All these add to the seriousness of wound 
trauma. 

Figure 5 illustrates the fragmentation of 
a primary missile (small arms, armor-pierc- 
ing, rifle, or machine gun bullet) and sec- 
ondary missiles derived from clothing and 
equipment. The missile entered the abdo- 





Fic. 4. Permanent wound tract in brain with bone 
fragment carried in from calvarium. X75. 
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men, front, left lower quadrant, and the 
armor-piercing core made a partial exit 
through the skin over the right buttock, 
laterally. The x-ray shows fragments of 
the bullet jacket and of buttons and a 
portion of wire from a cartridge case spring. 

The third of the factors listed as influenc- 
ing the nature of wounds is density of tis- 
sues. As tissues with increased density ab- 
sorb energy proportional to the density, it 
follows that a greater degree of tissue dam- 
age generally will occur in the denser or- 
gans. Muscle and liver tissue act as a “fluid 
system,”® behaving much as liquid under 
missile impact. The lung acts more like a 
sponge. The contained air does not absorb 
the kinetic energy. As a result, projectile 
wounds of the lung (provided no great 
vessels are injured) usually cause less 
damage and show smaller cavitation volume 
than similar missiles through the liver or 
other denser organs. 

The fourth factor listed is the elasticity of 
the skin and tissues. That brings us to a 
consideration of the so-called retentive 
force. 

This retentive force is itself the resultant 
of two forces: 1) The stretching and con- 
fining action of the skin and the elastic 
properties of the tissues; 2) Momentary 
partial vacuum in the temporary cavity, 
which tends to prevent further cavitation. 
This retentive force tends to counteract the 
disruptive force already described. It is in- 





Fic. 5. X-ray of secondary fragments. 
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Fic. 6. Microsecond x-ray of the passage of a 
bullet through a gelatin tissue model. At the en- 
trance site, “splash-back” of the gelatin has oc- 
curred. 


strumental in restraining and closing the 
temporary wound cavitation, and in con- 
tracting the skin around the surface wound. 


ENTRANCE AND Exit WouNDS 


The resultant of these two counterforces, 
therefore, influences considerably the size 
and appearance of the external wounds. 

The skin tends to snap back after wound 
puncture as a consequence of the elastic 
properties of the dermis; thus the wound 
may be smaller than the missile itself and 
frequently is. In such cases the surface 
wound may be deceptively mild, while 
severe structural damage may be found in 
exploring the interior. 

If the disruptive force is great enough, 
however, the kinetic energy imparted to the 
subcutaneous tissues overcomes the retain- 
ing force of the skin and may leave a large 
gaping wound with extrusion of tissue. 
This is called a “splash back” (Fig. 6). It 
is comparable to a jet of water splashing up 
when a stone is dropped into water. Most 
wounds usually show some evidence of 
splash-back, even though it has been re- 
tained by the skin. When retained the 
splash-back may show as an elevated areola 
around the wound. The same principles 
apply both to wounds of exit and entrance. 

It is widely believed that the wound of 
exit is larger than the wound of entrance. 
While this is frequently the case, it is not 

















Fic. 7. Abdomen, anterior, right upper quadrant. 
Six entrance wounds of Soviet 7.62 mm. submachine 


gun bullets. Minimal evidence of “splash-back” in 
four wounds, but the two wounds to the left are 
larger and exhibit irregularity in the skin edges with 
some extrusion of tissue. 


always true. The comparative sizes of en- 
trance and exit wounds for a given missile 
in general are governed by certain ballistic 
peculiarities. Let us consider four different 
possibilities. 

1. A bullet retaining its nose-on position 
in passing through tissues, provided its 
kinetic energy does not overcome the reten- 
tive force at either the entrance of exit site, 
should leave an exit wound equal in size to 
the entrance wound. Both wounds may be 
smaller than the diameter of the missile it- 
self. This condition holds true, however, 
only where the skin involved in both sites is 
of approximately equal thickness and elastic- 
ity. Greater elasticity or power of “snap 
back” would contribute to surface wounds 
of smaller size. 

2. The same bullet would leave an exit 
wound smaller than its wound of entrance, 
should there be sufficient kinetic energy to 
cause a “splash back” at the entrance site, 
but not enough remaining to cause any 
“splash back” at the exit site. A bullet 
naturally loses kinetic energy in its passage 
through the tissues. 

3. If a bullet loses its stability in the pas- 
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sage through the tissues, which it usually 
does, and passes out of the body at an angle 
or broadside, it will in all probability leave 
a larger wound of exit due to the greater 
“wetted” area (Figs. 7, 8). 

4. Shell fragments usually produce large 
irregular wounds, the relative characteris- 
tics of their wounds of entrance and exit 
depending on the nature of the missile and 
its kinetic energy. Most of these wounds 
were found to be of the penetrating type 
with the missile remaining within the tis- 
sues. This is in contrast to small arms mis- 
siles, 75 per cent of which cause perforating 
or “through and through” wounds. 


CLASSIFICATION OF WouNDs (MEDICAL) 


For the uniformity of analyses of war 
wounds as carried out by the Wound Bal- 
listics Teams the Following classification 
was utilized :"” 

1. Non-penetrating—contusions or abra- 

sions without disruption of skin. 

2. Penetrating—wound of entrance but 
no wound of exit; primary wounding 
agent retained in tissues. 

3. Perforating—wounds of entrance and 
exit with no retention of missile. 


4. Incision—wounding agent withdrawn. 
5. Laceration—tear. 
6. Multilating wound—seriously disfigur- 


ing, or causing loss of an anatomic 
part, avulsions, eviscerations, or ex- 
tensive tissue loss. 


Briast INJURY 


Blast injury falls under Group I. This 
injury has been the subject of extensive in- 
vestigation, especially during World War 
II.** "4:15 The damage is due to the destruc- 
tive force of the pressure wave set up by 
the detonation of high explosives. There 
may or may not be any significant external 
injury; if there is, it is coincidental. 

Two forms of this injury exist, “atmos- 
pheric blast” and “underwater _ blast.” 
Though underwater explosions produce in- 
traabdominal lesions (rupture of viscera) 
relatively more often than those occurring 
in air, yet the characteristic lesion in both 
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types of blast is found in the lungs. The 
three almost constant pulmonary lesions 
found are bilateral hemorrhages, intense 
edema, and vesicular emphysema’ (Fig. 
9). Extrapulmonary lesion are inconstant 
and for the most part are of little signifi- 
cance as far as ultimate outcome is con- 
cerned. The prognosis for survival depends 
on the extent and degree of severity of the 
lung hemorrhages. 

This type of injury became more prev- 
alent during World War II incident to the 
widespread employment of aerial bombing. 
It was relatively uncommon in Korea. In a 
third World War, with the possible use of 
atom and hydrogen bombs, it would in all 
probability be commonplace. 


THE INFLUENCE OF Bopy ARMOR 


One of the most recent and rewarding ap- 
plications of missile casualty studies and ex- 
perimental wound ballistics was the wide- 
spread use of body armor by the combat 
soldier fighting in Korea.** By means of the 
information collected in Korea, it was pos- 
sible to establish the regional priority for 
body coverage and to determine the type 
and velocity of the most commonly en- 





Fic. 8. Thorax, posterior, right lower one-half. 
Six exit wounds from same case. There is a marked 
variation in the size and shape of the wounds. In 
comparison with their entrance wound counterparts, 
some exit wounds are equal in size, others smaller 
and others larger. 


Wound Ballistics 








Fic. 9. Lung from soldier exposed to blast wave 
from detonating explosive. Minimal hemorrhage 
with diffuse, vesicular emphysema. X75. 


countered wounding agents. The primary 
function of body armor was to reduce the 
number of lethal wounds, and with the pro- 
tection provided for the head by the stand- 
ard M 1 helmet, the region of next highest 
priority was the thorax. The shell fragment 
was found to be the most common wound- 
ing agent, and some indication of the impact 
velocities was to be found in the study of 
the relative incidence of penetrating versus 
perforating wounds. Approximately 80 per 
cent of the wounds sustained by a group of 
American soldiers wounded-in-action in 
Korea were penetrating in regard to the 
missile behavior, and in one survey of 
killed-in-action, 87 per cent of the wounds 
were penetrating. 

While not always true, it is nevertheless 
the general rule that perforating wounds 
are more serious. Within certain limitations 
it is logical to assume that a perforating mis- 
sile had a higher velocity and therefore 
caused a greater (temporary) cavitation with 
greater tissue damage. However, as is well 
known, fatalities may be produced (or 
serious wounds inflicted) by a small pene- 
trating (non-perforating) missile, should 
it interfere with vital tissue function. 

It was partly on the basis of this statisti- 
cal finding of higher incidence of penetrat- 
ing than of perforating wounds that body 
armor was considered for the use of the 
ground forces in Korea. It was believed that 
many of those missiles were of velocities 
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that could be stopped or defeated by ballistic 
materials suitable for body wear. Subse- 
quent casualty surveys following the adop- 
tion of body armor confirmed this belief. It 
was found that approximately 75 per cent 
of shell fragments and 25 per cent of small 
arms missiles were defeated by the vests.’” 


REGIONAL DISTRIBUTION OF WoUNDS 
IN WOoUNDED-IN-ACTION 





% Without % With 








Entrance Site Armor Armor 
Head 14.4 14.2 
Neck 3.0 2.5 
Thorax 19.0 8.7 
Abdomen 11.0 10.8 
Upper extremities 25.0 28.3 
Lower extremities 27.0 35.0 
Genitalia 0.6 0.5 


REGIONAL DISTRIBUTION OF LETHAL WouNps 
IN KILLED-IN-ACTION 





% Without % With 








Entrance Site Armor Armor 
Head 39.0 38.0 
Face 1.0 8.0 
Neck 3.0 8.0 
Thorax 37.2 26.0 
Abdomen 9.2 6.0 
Upper extremities 2.0 4.0 
Lower extremities 7.0 8.0 


Buttocks 1.5 


2.0 





The standard body armor for Army 
ground troops is an eight-pound nylon, 
thoraco-abdominal vest, and the Marines 
utilize a combination nylon-Doron vest of 
the same weight and body coverage. 

It has been said that in war wounds the 
gross tissue damage is obvious. This can 
only be true if the military surgeon has a 
knowledge of wound ballistics. Superficial 
examination of the external wounds cannot 
furnish an accurate indication of the charac- 
ter and extent of tissue and organ damage. 
The concurrent severance of blood vessels, 
disruption of nerve continuity, osseous 
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splintering, and almost unavoidable bacterial 
contamination will be surmised by the trained 
surgeon. The latent consequences of these 
destructive forces may be manifested by im- 
pairment of organic function, clinical shock, 
and other physiopatho- 


, 


“traumatic anuria,’ 
logic sequelae of high velocity missile 
wounds. 
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The Battle Wound* 





By 


Joun M. Howarp, M.D. 
Department of Surgery, Baylor University College of Medicine, Houston, Texas 


(With five illustrations) 


HE passage of a bullet through the 
body requires only a fraction of a 
second and the combat soldier has sus- 
tained an injury. But lives, like wars are 
seldom lost instantaneously. There is a 
struggle—an injury and a response—a con- 
tinuing injury and a continuing response. 
Death may occur moments or weeks there- 
after. 
The missile has inflicted its damage and 
now the wound itself exerts a deleterious 








effect on the body—as deleterious an effect, 


perhaps, as cancer. The injury is not a 
wound of the moment; it is a dynamic in- 
jury, progressive or retrogressive, until 
death or healing results. It is thus a con- 
tinuing injury, not just of the missile path- 
way, but an injury of the entire body, which 
persists not for the moment but for days or 
weeks. Every system, every organ, and pre- 
sumably every cell in the body responds to 
this injury. Like the wound this response 
continues for days or weeks. In general, it 
appears to be proportional to the magnitude 
of the injury. 

Does the combat injury begin prior to the 
actual physical trauma? Does the stress, 
fatigue, or deprivation of combat lead to ex- 
haustion and a loss of resistance to injury? 
Quite possibly it does under the conditions 
of seige and prolonged deprivation, but in 
Korea, the combat soldier appeared well 
nourished and had an adequate supply of 
water, There was no evidence of adrenal ex- 
haustion. To the contrary, note the follow- 
ing typical response to combat stress: 

During 48 hours of an intensive artillery 
barrage by the enemy on the Eastern 
Korean Front in the spring of 1952, volun- 


* Presented at the Dedication Ceremonies, Armed 
Forces Institute of Pathology, Washington, D.C., 
May 27, 1955. 
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teers of an infantry division were studied 
by collection of 24 hour urine specimens 
and analyses of adrenal steroids. The first 
day the incoming fire was intense. The sec- 
ond day the fire was less intensive but re- 
mained heavy; one of the subjects was 
killed, several others had their bunkers de- 
stroyed. The third day was quiet with rain 
so heavy that the collecting vessels for urine 
overflowed and the specimens were lost. 
The fourth day was quiet. 

The stress of such men is intense. Stud- 
ies of the corticosteroid excretion of these 
men revealed a stress response comparable 
to that following major trauma.* 

The first day every man demonstrated the 
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TABLE I 


ComBAT STRESS—ALL MEN ON FRonrtT LINE 40 Days 


(A study of 15 soldiers) 


ticosteroid 

Excretion* 

Milligrams 
per 24 Hours 


Date Activity 


11 May 1952 | Heavy artillery fire 

12 May 1952 | Fewer incoming shells 3.7 mg. 
13 May 1952 | Rain—quiet = 
14 May 1952 | Quiet day 


6.3 mg. 


1.5 mg. 





* Normal Range 0.6—2.6 mg. 


stress response. The second day the stress 
response had subsided in some, not in 
others. The fourth day the stress response 
had subsided in every man (Table I, Figs. 
1, 2). Compare the corticosteroid excretion 
in one of these subjects with a casualty who 
had had both legs blown off (Fig. 3). The 
similarity is so striking as to be almost in- 
distinguishable. 

Approximately 100 acutely injured men 
were studied by steroid analyses, eosinophile 
counts, or changes in sodium: potassium 
ratio in their urine. Every man demon- 
strated a stress response. Their adrenal 
cortical mechanism remained responsive? 
Combat, without physica! trauma, therefore, 
did not appear to injure or impair this 
facet of the soldiers’ defense mechanism. 

The combat soldier therefore not only has 
an intact, unexhausted response mechanism 
at the time of injury, but a full response 
may precede the injury. 

A wound is inflicted and a compensatory 








CORTICOSTEROIDS ani 
| 
| - 6.0m 
26mg 
Normo! 06 
to 
26 | 
mg 
~~ ~ PRIVATE PFC CORPORAL 
21 Yeors 21 Yeors 28 Yeors 
of age of age of age 


kites in action o 

few hours oly 

Fic. 1. Combat Stress. Urinary Excretion of 
Adrenal Steroids on Front Line 40 days. Under 
heavy mortar fire throughout this day of study. 


Average Cor- 





Doy! Doy2 Doy3 
CORTICOSTEROIDS 


62mg 
5.3m 


6mg 


to 15mg 





Fic. 2. Combat Stress. Urinary Excretion of 
Adrenal Steroids. Subject: Master Sergeant, 34 
years of age. Stress: On Front Lines 40 days. 
Under heavy artillery fire during the first day of 
the study. 


response occurs (Fig. 4). This response 
may be life-saving. The response is fully 
activated by the time the casualty under- 
goes operative treatment. Anesthesia blocks, 
in part, this response and therefore for the 
moment furthers the injury. 


TRANSMISSION OF ENERGY 

The basic nature of the injury has been 
described as the transfer of energy from the 
missile to the tissue. For the first the mag- 
nitude of injury is being measured not in 
centimeters of tissue destroyed, but in the 
amount of energy transmitted. What is the 
clinical importance of this concept? A 
limited amount of energy is required to 
penetrate or perforate the soft tissues of the 
lower extremity. Additional energy is re- 


Subject No.|! a 
Subject No.2 YZ), 


CORTICOSTEROIDS 





62mg 
53mg 52mg 
3.2mg 3.6mg 

2.6mg 

Normal O6 
te 15m 
2.6 
9 
Doy! Doy2 Doy3 


Fic. 3. Stress from Danger vs. Stress from 
Danger and Injury. Subject No. 1: Master Ser- 
geant, 34 years of age. On front lines 40 days. Under 
heavy artillery fire during the first day of the study. 
Subject No. 2: 23 years of age. On front lines 14 
days before an injury by a land mine resulted in a 
traumatic amputation of both legs. 
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—ICONTINUED ABSORPTION 
\ FROM THE WOUND 


1. PRODUCTS OF 
TISSUE NECROSIS. 


CONTINUED LOSS _ 
INTO THE WOUND: .— 
QJ 


1 BLOOD \ / 


2. PLASMA PROTEINS \\ 2. BACTERIAL 
) TOXINS. 


3. WATER 
4 ELECTROLYTES 


| | 3 PRODUCTS OF 
U\ BLOOD DESTRUCTION. 


Fic. 4 


quired to fragment the tibia or femur. Still 
greater energy is required to avulse the leg 
(bone and soft tissue). Thus the last injury 
is a wound of greater magnitude than the 
first, a fact which is borne out by the mor- 
tality rates in one forward Surgical Hos- 
pital in Korea (1952-1953) (Table II). 

Furthermore, a traumatic amputation of 
an ankle is an injury of less magnitude than 
a traumatic amputation of a thigh (Table 
III). 

Thus the magnitude of injury, in clinical 
experience reflects the magnitude of injury 
from the physicist’s measurements, espe- 
cially when one limits the observations to 
non-vital structures such as an extremity. 

How does the passage of a missile exert 
its deleterious effect? Perhaps there is a 
transmission of energy to every cell of the 
body with a resulting deleterious effect, but 
at present we recognize at least four com- 
ponents of the battle injury (Table IV). 


TABLE II 
MortTALIty—46TH SURGICAL HosPITAL, KOREA 
(1 February—1 August 1953) 














The Battle Wound 








: Number of M tics 
Injury Patients ortality 
Soft tissue only 280 0 
Compound fractures* 82 1.2% 
Traumatic amputations* 33 9.1% 








* Digits not included. 
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TABLE III 


MortTALITy—46TH SuRGICAL HospiTaL, KOREA 
(15 months 1952-1953) 

















Site of Traumatic | Number of : 
Amputation Patients Mortality 
Above knee 16 | 19% 
Below knee 64 5% 





Any one of the components may predomi- 
nate and result in a fatality but the summa- 
tion of injuries produces a distinct, continu- 
ing deleterious effect. 


MECHANICAL DEFECTS 


Defects such as an open chest, tracheal 
obstruction, cardiac tamponade, increased 
intracranial pressure, or a perforated bowel 
carry an immediate threat to life which 
needs here no elucidation. 

Should the combat problem suddenly in- 
clude casualties numbered in the thousands 
or hundreds of thousands, what com- 
promises must be made? Mechanical defects 
which immediately threaten life, such as the 
sucking chest wound, the tracheal obstruc- 
tion, or cardiac tamponade deserve high 
priority and can be effectively treated under 
the crudest circumstances. Other defects 
which may ultimately threaten life, limb, or 
function must take a lower priority and re- 
ceive delayed treatment, unless our criteria 
change and the medical services be ordered 
to change its policy from “doing the most 
good for the greatest number of casualties” 
to “returning to combat duty the greatest 
number of soldiers.” 


DESTRUCTION OF TISSUE 


Destruction of tissue produces injury in 
two ways: (1) The acute injury: the loss 
of function of a vital organ; (2) The 


TABLE IV 
THE BATTLE WouND—COMPONENTS OF INJURY 








1. Production of Mechanical Defects 
2. Destruction of Tissue 
3. Loss of Blood 

4. Bacterial Contamination 
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subacute injury: the production of necrotic 
tissue. 

Only by seeing those killed in action can 
one appreciate the magnitude of a battle 
wound. A vital organ, such as the brain, 
can be destroyed and death is inevitable. The 
destruction of such a vital organ is one 
of the two chief reasons why approximately 
20 per cent of all men injured in battle die 
before reaching medical facilities. Only by 
preventive means can medicine, at present, 
materially assist these casualties. 

The. second syndrome, centering around 
the subacute injury of necrotic tissue, is of 
historical importance in military surgery. 
Turn back for a moment to the medical his- 
tory of the American Civil War*® and recall 
the problems of their time (Tables V, VI). 

The wound is dynamic. It is continuing to 
insult the body, and the body is continuing 
to respond. Dead tissue, contaminated with 
virulent bacteria, accentuates the injury 
since this part of the wound is isolated from 
the blood stream. Serum collections and 
hematomas, like necrotic tissue, are isolated 
from the active circulation and so behave 
like dead tissue in offering a springboard 
for infection. The fundamental principle of 
wound surgery is debridement—the removal 
of debris, and so bringing the defense mech- 
anism, the blood supply, to the frontier of 
the continuing assault the open wound. 

If life is maintained, the dead tissue will 
be removed. Either the surgeon takes a few 
minutes to accomplish it with knife and 
scissors (debridement) or the body re- 
sponds and takes two to three weeks and 


TABLE VI 
BATTLE INJURY TO THE POPLITEAL ARTERY 





Civil War® 

World War II? 

Korea (46th Surgical 
Hospital)® 





—Mortality Rate 75% 
—Amputation Rate 73% 
—Amputation Rate 18% 





removes the dead tissue as a slough or 
metabolic debridement. 

The shaggy, shredded tissue lining the 
missile pathway is easily identified as non- 
viable tissue which must be removed. That 
immediately adjacent to the pathway may be 
obviously non-viable. But inevitably, as the 
surgeon debrides away from the pathway 
into the area of the indirect trauma, tissues 
become less obviously viable or non-viable. 

The color of the muscle, the presence of 
bleeding on the cut surface, the contraction 
of the muscle bundles when pinched may all 
suggest viability; yet often the surgeon sim- 
ply cannot delineate, on the day of injury, 
the extent of devitalized tissue. It is for this 
paramount reason that the procedure of de- 
layed closure of war wounds is today still 
justified. If dead and foreign tissues are 
completely removed, fresh wounds can be 
safely closed today as indicated by 50 
selected cases personally treated in Korea. 
The hazard lies in extending the practice 
to wounds with residual devitalized tissue, 
tissue which may serve as the nidus of 
severe infection. Thus the basic principle 
of wound surgery is to excise the dead and 
foreign tissue, thus bringing the blood sup- 
ply to the wound-frontier. Delayed closure 


TABLE V 


Wounps OF THE LOWER EXTREMITY 








Korea—46th Surgical Hospital 1952-1953 








Civil War® | 
; ¥ N pide! b | | 
Complications er | Mortality | Number of Cases Mortality 
Cases 
Pyemia | 328 97.5% | Few (?) 0 (?) 
Hospital Gangrene | 283 55.8% 4 Gas Gangrene 
‘ 0 
18 Ischemic Gangrene 
Tetanus 117 90.5% 0 0 
Erysipelas . 45 75.6% 0 0 
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Fic. 5. Amputation Rate following Arterial In- 
jury. Ligation vs. Repair. (Cumulative Experience.) 


is not a principle, only a means of assuring 
the basic principle by providing drainage 
and the opportunity to reinspect the wound 
at a later time when non-viable tissue, if 
present, has become obvious. 

Under conditions of atomic warfare, im- 
mediate debridement must be passed over. 
Only the patients with traumatic amputa- 
tions or mangled limbs must have immediate 
guillotine amputation in an effort to control 
hemorrhage and prevent immediate death 
from gas gangrene. Arterial injuries, so 
effectively repaired in Korea that secondary 
amputations were seldom required (Fig. 5), 
could not under these conditions be repaired 
if life is to continue to take precedence over 


limb. 


Bioop Loss 


Blood is lost and the body’s defense is 
thus seriously injured—its supply chain and 
communication system is disrupted. Death 
may result as no part of the body is self- 
sufficient, each part being dependent upon 
the circulation for support. Thus blood loss 
and systemic ischemia promote injury to the 
entire individual and truly the entire in- 
dividual not just the tissues of the open 
wound, is fighting for survival. The wound, 
literally speaking, is now the entire indi- 
vidual. 

Three aspects of the problem are perti- 
nent: 

(a) control of bleeding 

(b) correction of blood volume defi- 


ciency 


The Battle Wound 
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(c) repair of damage of prolonged is- 

chemia 

Control of bleeding is essential and yet it 
constitutes one of the real challenges of sur- 
gery today. Control of external bleeding is 
usually relatively simple but control of in- 
tra-abdominal bleeding from major vessels 
or a large wound of the liver may prove 
difficult and sometimes impossible. When 
anesthesia is superimposed on deep or im- 
pending shock in an effort to control hemor- 
rhage, death may result: This is the problem 
today in the control of hemorrhage once 
the patient has reached the hospital. 

In Korea, the correction of blood volume 
deficit in combat casualties reached a peak 
in efficiency. Never before in the history 
of military surgery was blood used so freely 
and so effectively’® (Tables VII, VIII, IX). 
The concept of hopelessly severe injury did 
not exist except in an occasional patient 
with massive destruction of the brain. In- 
stead patients with massive traumatic am- 
putations or massive intra-abdominal in- 
juries were tackled with the concept of ex- 
pectant salvage as blood was begun within 
seconds of arrival, through two to four 
portals. Crossmatch was unnecessary due 
to the universal-donor program and time 


TABLE VII 
BLoop UTILIZATION IN WORLD WAR II AND KoreEa* 








Pints of Blood 
per Casualty 
Wounded in 
Action 
World War II 
British Estimate Based on Mid- 0.1 
dle East Experience 





World War II 











U. S. Forces in Mediterranean 0.45 
Theatre 
Korea 
U. S. Forces | 0.9 
Korea 
Casualties Admitted to the 46th 1.9 


Surgical Hospital 1952-53 





* Reference 10. 
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TABLE VIII 
THE UsE oF BLoop IN KorEA* 
(Eighth Army) 
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TABLE X 
EXPERIENCES IN ADMINISTRATION OF TYPE O 
BLOOD, WITHOUT CROSSMATCH 





Average Number |} 


P f Average 
of Pints per | aici Pints per 
Soldier Wounded ee | Casualty 


; ; Transfused 7 
in Action ps Transfused 





* Reference 10. 


and again patients received 15-30 pints of 
blood without crossmatch and without trans- 
fusion reaction (Table X). Transfusion 
was much more effective, of course, if 
hemorrhage could be controlled first. In lieu 
of whole blood or sterile plasma, plasma 
volume expanders were introduced and used 
extensively in the front lines for nature 
provides a relatively greater reserve in red 
cell mass than in blood volume. 

The third problem, the effects of pro- 
longed ischemia, is a problem in keeping 
the patient alive until he can repair the 
damage. 

Post-anesthetic, postoperative hypoten- 
sion usually reflected a marked, persistent 
blood volume deficiency although the body 
tolerates a deficiency of considerable magni- 
tude at this time much better than it does 
immediately after injury. Additional trans- 
fusion was usually the treatment of choice. 
Vasoconstrictors at this time were seldom 
of value; intravenous calcium gluconate oc- 
casionally produced a striking blood pres- 
sure response. Irreversible cerebral damage 
in this age group, following shock without 
head injury, was not recognized. 

Post-traumatic renal insufficiency carried 
a mortality of 80 to 90 per cent. Because of 
the gravity of the prognosis, a Renal Failure 


TABLE IX 
MortaLity RATES—KorEA 1952-53 
(One General Surgical Service) 








Mortality 


Number of 
Casulaties 





4,711 | 2.4% 








| | 





Pints of | Hemolytic 

Type O Transfusion Incidence 
Banked Blood | Reactions | 

10,000 3 | §—0.03% 





Policy: 
High Titer—Type O patients. 
Low Titer—All other patients. 





Center was established at an Evacuation 
Hospital in Korea to receive all casualties 
of the United Nations troops in Korea with 
this complication. Slow, steady progress re- 
sulted in lowering the mortality to approxi- 
mately 50 per cent. 

Analysis of the experience in Korea per- 
mits the following generalizations to be 
made regarding the treatment of atomic 
casualties : 

(1) Eighty-six per cent of the casualties 
required no blood volume replacement or 
can be supported with plasma volume ex- 
panders only (Table XI). 

(2) Approximately 11 per cent of the 
casualties can be supported by alternating a 
unit of expander and a unit of blood—there- 
by extending the supply of blood. The 
young soldier can, as a compromise, with- 
stand a rapid drop in his hematocrit to 25 
volumes per cent. He cannot withstand a 
rapid comparable drop in his blood volume. 

(3) Three per cent of the casualties re- 
quire massive transfusions. In spite of the 
transfusions, the mortality is approximately 
40 per cent. Such an investment of blood 
would be impossible. 

(4) Since external hemorrhage can 
usually be stopped prior to transfusion, the 
use of blood in treating wounds of the ex- 
tremities is much more efficient than in 
treating intra-abdominal injuries. 

(5) In treating patients with thermal 
burns, blood, although desirable, may not be 
essential during the first 48 hours. Plasma 
volume expanders may suffice. 

(6) Oral fluids are absorbed after injury 
and should be used unless the patient is 
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TABLE XI 
BLoop REQUIREMENTS—FirsT 24 Hours 
AFTER INJURY 
(Resuscitation of 1,000 casualties in Korea) 


The Battle Wound 














SSS 
Amount of | Number of| % of M vp 
Blood | Casualties | Casualties ortality 
0-4 Pints 862 86% 1% 
5-14 Pints 111 11% 8% 
15 or more Pints| 27 3% 41% 





comatose, in shock, has a bowel perforation, 
or is about to undergo anesthesia. 


BACTERIAL CONTAMINATION 


The open wound is a _ contaminated 
wound. Studies by the Surgical Research 
Team in Korea re-emphasized several fac- 
tors. The extremity wound, at the time of 
primary debridement, contains pathogenic 
aerobic and anaerobic organisms. In a study 
of 154 battle wounds, a single bit of tissue 
from each wound revealed clostridia in 47 
per cent, pathogenic clostridia in 27 per 
cent (Table XII). During one phase of the 
study, clostridia were identified in 84 per 
cent of the wounds, pathogenic clostridia in 
44 per cent. In addition, 84 per cent of the 
cultures yielded aerubic organisms.* In a 
more detailed study of a smaller group of 
wounds, clostridia were found at the time of 
primary debridement in 82 per cent* (Table 
XIII). 

Blood cultures, taken from the most 
severely injured at the time of hospitaliza- 
tion, approximately 3.5 hours after injury, 
occasionally but infrequently revealed the 
presence of virulent organisms? (Table 
XIV). 

These wounds, therefore, represent a 
break in the body’s defense against bacteria 
and contain the virulent organisms neces- 
sary to produce life-endangering infections. 

Because of the early debridement and the 
prevention of gangrenous tissue by the re- 
pair of severed arteries, gas gangrene al- 
most disappeared from the Korean battle- 
field’ (Table XV). In our experience, 
tetanus did disappear from American 
casualties. 
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TABLE XII 


BACTERIAL FLORA OF THE BATTLE WOUND AT 
THE TIME OF PRIMARY DEBRIDEMENT* 

















P | Percent | Percent 
: ercent | Containing | Containing 
Number | Containing | Pathogenic Aetdidc 
; = Clostestie Clostridia Organisms 
Wounds | in Biopsy in Biopsy in Blades 
Specemen Specimen Specimen 
154 47% 27% | 84% 
* Surgical Research Team in Korea. 
Nonspecific infections of extremity 


wounds occurred, but were seldom life-en- 
dangering in Korea. 

The effects of abdominal trauma per se 
are difficult to distinguish from the effects 
of peritonitis. Suffice it to say that this re- 
mains a major problem although few pa- 
tients died of abdominal wounds after the 
first 48 hours. Few died of peritonitis un- 
accompanied by severe hemorrhage. 

Since under the conditions of atomic 
casualties, early debridement would not be 
possible, infections cannot be prevented. 
Visceral perforations should take a high 
priority, but second to control of hemor- 
rhage. Tetanus toxoid and antibiotics should 
be routinely administered but as a gen- 
eralization, infections will have to be treated 
rather than prevented. 

The four elements of injury each have a 


TABLE XIII 


BACTERIAL FLORA OF HEALING WouNDS 
STUDIES OF SERIAL BIOPSIES 








Percentage | Palette fe Porcine 
Number | Containing | Containing | Containing 
| 
| 








of Clostridia Clostridia Clostridia 
Casual- | at the time | on 3rd Day | on 7th Day 
ties | of Debride- | Post- Post- 
ment Debridement | Debridement 
11 | 82% | 27% | 18%* 





* Represents two patients with inadequate de- 
bridement and residual necrotic tissue in wound. 
Antibiotics did not prevent infections in the presence 
of necrotic tissue. (Surgical Research Team in 
Korea.) 








TABLE XIV 

BACTERIAL FLORA OF THE BLOOD STREAM AT THE 
TIME OF ADMISSION TO THE FORWARD HOSPITAL 

(Surgical Research Team in Korea) 


Number of Percentage with Positive 
Casualties 
13.5% 


170 | 


The most critically injured soldiers were selected 
for study 

Correction for possible contamination might lower 
the incidence of significant cultures to 4-6%. 

The degree of shock, the type of injury, the time 
lag, and the previous antibiotic therapy did not af- 
fect the incidence of positive cultures. 


c 

S continuing deleterious effect. To this con- 
‘ tinuing injury the body responds in toto. 
wt oe ’ 

< The response, by mobilizing the body’s re- 
4 serves, may be life-saving. 

- As examples: 

« A. Response to Tissue Destruction 

= tae 2 “ 

c 1. Pain and apprehension. 

- 2. Local vascular constriction and retraction. 
= 3. Shifts of water and electrolytes. 

< 

* 4. Inflammation. 


. Paralytic ileus. 

6. Metabolic debridement of the wound (in- 
ternal debridement). 

. Tissue slough (external debridement). 


os! 


. Wound healing. 
. Response to Blood Loss 
1. The response of the sympathetic nervous 
system. 
2. The adrenal medullary response. 
3. The adrenal cortical response. 
4. Renal vasoconstriction. 


— 


Number of Casualties 4, 
Number Developing Clostridial | 
Myositis 
Percentage Developing Clos- | 5.0% 
tridial Myositis 
Case Fatality Rate 





serious infection by Clostridia perfringens of 1.5%. 
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World War I 
Evacuation Hospital No. 8 | mas » 
10 Sept. 1918-13 Nov. 1918 | Hospital, India / jon 1952-June 1953 

| | 


5. Increased production of red blood cells. 
6. Increased production of clotting factors. 
7. Increased production of plasma proteins. 

C. Response to Bacterial Contamination 

1. Leukocytic response. 

2. Inflammation. 

3. Antibody response. 

Response to Mechanical Defects 

1. Increased cardiac or respiratory activity to 
overcome effects of specific defects. 

2. Muscle splinting. 


a 


/ 


In order to minimize the continuing na- 
ture of the injury debridement is necessary. 
This can only be performed by blocking, in 
part, this life-saving response as one intro- 
duces the fifth element of injury, anesthesia. 
The responses of the patient, particularly of 
the autonomic nervous response, is fully 
mobilized. Anesthesia blocks this response 
and so temporarily furthers the injury. This 
may be a critical moment; to be minimized 
only by correcting part of the injury, me- 
chanical defects and blood volume deficiency 
prior to adding the anesthetic insult. To add 
anesthesia to the earlier insults prior to cor- 
recting the blood volume deficit may some- 
times be necessary but it is comparable to 
shooting the bullet-ridden casualty one time 
more. 

Finally, the day of combat injury is a day 
of continuing injury: combat stress, ex- 
tremes of temperature, combat injury, pain- 
ful litter rides, continued bleeding, repeated 
bacterial contamination, transfusion with 
cold blood, anesthesia, operation, and fear 


TABLE XV 
CLOSTRIDIAL Myositis (GAS GANGRENE) 


| ; “ | 
| 
| World War II 


Korean War 
| 46th Surgical Hospital, 


4,600 | 4,900 
| 32* 4 
| 0.7% (| 0.08% 


31.3% ~—i| 0 





* An additional 37 patients developed serious clostridial wound infections, making a total incidence of 
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of death. This is continuing trauma inflicted 
from without the wound. Korea saw this 
period of injury greatly shortened. The 
helicopter shortened the pre-hospitalization 
period to 1.0-2.5 hours, the average time lag 
in all severely injured in our studies, com- 
bining helicopter and ambulance evacuees, 
being 3.5 hours. 

Because of continuing improvements in 
treatment, the mangling combat wound has 
continued its historic loss in its ability to kill 
and deform. 

Korea saw a new record in the low mor- 
tality rate of those wounded in action (2.4 
per cent), a drop from 4.5 per cent in World 
War II. Wounds of certain anatomical areas 
showed marked decreases in mortality—es- 
pecially those influenced by infection (Table 
XVI). 

What I have tried to say is this: the 
combat injury involves the entire individual 
—the combat wound does not limit itself to 
a missile pathway except for the moment. 
By its continuing deleterious effect, the mis- 
sile wound injures the entire man. The 
battle wound is therefore not a part of a 
soldier; the battle wound is a soldier. To 


TABLE XVI 
COMPARATIVE STATISTICS FOR MORTALITY RATES 
KoreEA* (1952-53) AND WoRLD War IIt 





(1942-45) 
| 7 ; = ¥ oar 
Korea | World War II 
| | = 
l | 
ie ak File | Num- | | Num- | 
site of injury | ber of | Mor- | ber of | Mor- 
Casual-| tality | Casual-} tality 
ties | ties | 
Abdomen | 402 | 12.6% | 1,185 | 21% 
Colon | 140 | 9.3% | 1,106 | 23% 
Jejunum and 134 3.0% | 1,168 | 14% 
ileum 
Stomach 45 0 416 | 29% 
Liver 102 | 9.0% | 829 | 10% 
| 0 | 341 | 12% 


Spleen 54 





* Surgical Research Team in Korea (Sako and 
Colleages). 
+ Second Auxiliary Surgical Group. 


The Battle Wound 
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treat the battle wound is to treat the man. 

The wound continues to exert a deleteri- 
ous effect, perhaps proving fatal at a later 
date. The individual responds in toto as a 
continuing defense, a response which may 
prove life-saving. Therapy is designed to 
minimize the continuing injury and to aug- 
ment the response. It too must therefore be 
continuing. 

And finally, what I believe and have 
fought for is this: treatment of the combat 
casualty is a national responsibility, falling 
on the civilian as well as the military physi- 
cian. Provision of standard care is not 
enough. Improvement in care must be con- 
stantly sought. This too is a national respon- 
sibility. This the Schools of Medicine, 
civilian as well as military, must appreciate 
and teach: the care of the combat casualty 
is not only a responsibility—it is one of 
the greatest honors which can come to a 
physician. 
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Decompression Sickness 


By 


CaprAIN ALBERT R. BEHNKE, MC, USN* 
U. S. Naval Radiological Defense Laboratory 


(With four illustrations) 


F ALL the debilities produced by 

abnormal environment those per- 

taining to rapid decompression 
from high pressure atmospheres or from 
the normal atmosphere to substratospheric 
altitudes, are the most dramatic. The diver 
and caisson worker and recently the aviator 
and wind tunnel worker are all subjected to 
a potentially grave acute and _ possibly 
chronic injury when the ambient barometric 
pressure is rapidly reduced. The calculated 
risk is reflected by the fact that in simulated 
altitudes ascents without preoxygenation 
more than 50 per cent of individuals of mili- 
tary age may develop symptoms of decom- 
pression sickness, in deep sea diving up to 
5 per cent, and in caisson work about 2 per 
cent of decompressions give rise to symp- 
toms indicative of the presence of intra- 
vascular and extravascular nascent gas 
bubbles. 

The injuries are manifest singly or in 
combination by pain (bends), pulmonary 
frank asphyxia 

chronic bone 


leading to 
(chokes), paralysis, and 
lesions. Minor effects are a debilitating type 
of fatigue, rash, “hot and cold” paresthesiai, 
and pruritus. The manifestations of decom- 
pression sickness of the diver and aviator 
are identical with one major exception, 
chronic paralysis is singularly absent in al- 
titude chamber exposures. With reference 
to bone lesions, thus far, they have been 
associated only with caisson work. 

The parts of the body chiefly involved are 
the extremities (bends, bone changes), the 
cardiorespiratory system (chokes) and the 


symptoms 


spinal cord. 
Thus we may tabulate as shown at the top 
of the next page. 


* Armed Forces Institute of Pathology Meet- 
ing, May 27, 1955, Washington 25, D.C. 
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Not only are the injuries characteristic of 
decompression sickness of great intrinsic 
interest but the protean manifestations may 
be recognized in a variety of clinical condi- 
tions affecting particularly the vascular 
system, e.g., “shock,” tabes dersalis, arterio- 
sclerosis of the terminal aorta involving 
lumbar segmental arteries. Even infection 
may be simulated in the guise of pain, weak- 
ness, malaise, fever, sweating, migraine and 
headache. The nascent gas bubble is replac- 
ing the spirochaete as the “great imitator.” 


DETAILED SYMPTOMATOLOGY 


Bends.—The most common manifestation 
of compressed air illness is a dull, throbbing 
type of pain, gradual in onset, progressive 
and shifting in character, and frequently 
felt in the joints, or deeply in muscles and 
bones. Pain or pains of this nature are re- 
ferred to as “bends,” a term established 
by usage to denote a well-recognized clinical 
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Nervous System Cardiorespiratory Sytem 
Substernal distress 
Paroxysmal coughing 

on deep inspiration 
Shallow, rapid respira- 

tion 


Hemiplegia* 
Spastic monoplegia* 


Spastic monoplegia* 


Anesthesia* 
Hyperesthesia* Circulatory insufficiency 
Meniere’s syndrome* Shock 

Syncope, faintness, dizziness, scotomata, diplopia 


Asphyxia 
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Extremities Skin 


Pain (bends) 
Numbness, weakness 


Pruritus 
Mottling, rash 


Sweating, temperature 
fall, pallor “hot and 
cold” paresthesia 


Chronic lesions in long 
bones (thus far iden- 
tified only in caisson 
workers) 


* Chronic lesions have been reported only in caisson workers and divers. 


entity. Prior to the onset of pain there may: 
be—particularly in the joints—paresthesia 
frequently described as numbness or merely 





an awareness that “something is not right.” 
Skin temperature may fall as the part in- 
volved becomes blanched in appearance. In 
association with bends and chokes, fatigue 
may take the form of an exhausting malaise 
combined with chills, fever and sweating. 
Minor symptoms as skin rash and pruritus 
occur frequently if the skin is chilled during 
decompression. ) 

Paralysis—The most serious complica- 
tion of decompression sickness from pre- 
vious exposure in high pressure atmos- 
pheres is paralysis. Dogs rapidly decom- 
pressed from high pressures and then only 
partially recompressed (to a degree that 
prevents death from asphyxia) frequently 
develop paralysis of the hind legs, foot drop, 
a spastic type of gait and paralysis of the 
bladder musculature.t In man, a_ similar 
spastic paraplegia or monoplegia involving 
the lower extremities may be preceded or 
associated with knifelike pains around the 
chest, and pain in the abdomen and lum- 
bar areas radiating toward the lower ex- 
tremities. These sensory disturbances may 
be so severe as to cause sudden collapse. 
Immediate and prolonged recompression 
usually brings about rapid recovery even 
following paraplegia. Insufficient 
pression may be followed by permanent dis- 
ability. 

There is a remarkable lack of gross cere- 
bral involvement even under conditions of 
wide-spread embolism. Vertigo, deafness, oc- 


recom- 





casional aphasia and transient visual disturb- 
ances have been recorded. In contrast with 
spinal cord lesions, permanent impairment 
referable to lesions of the brain is rare. In 
some remarkable manner the body escapes 
chronic spinal cord injury under conditions 
of simulated altitude ascent but acute injury 
has been reported in fatal cases. 

Chokes and the Shock Syndrome.—A 
challenging manifestation of decompression 
sickness is a type of pulmonary distress des- 
ignated most aptly by the early caisson 
workers as “chokes.” In comparison with 
bends, chokes occur less frequently since 
they apparently require the accumulation of 
quantities of gas eliminated from extra- 
vascular tissues into the capillary bed and 
thence transported to the large veins, the 
right side of the heart and pulmonary ves- 
sels. Thus, several hours of complete well- 
being following decompression may elapse 
before the appearance of symptoms. The 
earliest symptom of chokes, namely, a sen- 
sation of substernal distress felt only during 
deep inspiration and especially during in- 
halation of tobacco smoke, serves to elicit 
paroxysmal coughing. This sign has proved 
to be invaluable. The sensation of substernal 
distress may be only transient or it may 
progress to frank asphyxia. Normal breath- 
ing becomes shallow, rapid and then dysp- 
neic. The skin becomes cyanotic, or ashen 
gray, cold and clammy. The pulse beat, at 
first slow and pounding, becomes thready. 
Paroxysmal attacks of coughing or true 


“chokes” may precede loss of consciousness. ’ 


The picture presented is one of “shock” and 
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represents a transformation within a period 
usually of several hours from a state of 
health and vigor to one of incapacitation 
without any apparent trauma having been in- 
flicted upon the individual. It is this con- 
dition that not only frequently supervenes 
in divers when the premonitory symptoms 
of bends are ignored and treatment delayed 
but also in aviation personnel who experi- 
ence circulatory collapse (and death about 
1 in 40,000 simulated altitude tests) follow- 
ing too rapid decompression in the low pres- 
sure chamber. 

Bone Lesions.—In contrast to spinal cord 
involvement, the chronic osseous and ar- 
thritic lesions, due in part to their insidious 
and to their painless nature (when only the 
shafts of the bones are involved) are iden- 
tified as sequellae of decompression in cais- 
son workers mainly on the basis of occupa- 
tional history. The pathological changes 
have not been produced in lower animals 
by decompression bubbles or by bubbles in- 
jected into the vascular system. 

Because of the industrial compensation 
problem, there has been considerable interest 
in and a number of excellent reports con- 
cerning these insidious chronic lesions in 
recent years. Taylor,? for example, states 
that aseptic necrosis and bone infarcts were 
observed in 12 individuals who had been 
working in compressed air atmospheres for 
varying periods of time, some of whom had 
given a history of decompression illness. 
The shaft lesions are usually asymptomatic 
and are accidently discovered. The joint 
lesions develop secondary arthritic changes 
and present an appearance like, and are 
similar to, a chronic hypertrophic osteo- 
arthritis. Shaft lesions are found in some 
patients and joint lesions in others. Some 
present both types of lesions. Taylor ob- 
served the same type of lesions in 38 in- 
dividuals who never worked in compressed 
air and thus were not subjected to sudden 
changes in ambient pressure. 

Hoff and Greenbaum® have compiled a 
summary of the _ progressive patho- 
logic changes, “The lesions involve the dis- 
tal ends of the shaft and perhaps the epiphy- 
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seal portion of the bone. As healing takes 
place, there is replacement of the necrotic 
bone by new bone which is irregular in 
architecture and is of greater density than 
normal. The lesion is often well circum- 
scribed from the surrounding normal bone 
by a zone of calcification and ossification at 
the periphery of the lesion. In some cases, 
the central portion remains rarefied, but 
usually the entire lesion becomes irregularly 
calcified. When the end of the bone is af- 
fected, the changes are greater than those 
involving the diaphysis. Aseptic necrosis 
involves the articular surface and is ac- 
companied by devitalization of the articular 
cartilage. Infarction through the articular 
surface takes place, and the surface becomes 
irregular and rough. The bone beneath the 
articular surface becomes rarefied in places 
with spotty zones of increased density. As 
revascularization occurs, the affected bone 
becomes more rarefied and is abnormally 
soft so that, with weight bearing, deformity 
results. The final appearance in a weight- 
bearing joint is one of secondary osteo- 
arthritis. Because the lesions are often sym- 
metrical it is only by the recognition of areas 
of old diaphyseal infarction or knowledge 
that the patient has been a caisson worker 
or diver that the changes in the joint can be 
distinguished from primary osteoarthritis.” 


COMPARISON OF ALTITUDE AND DIVING 
DECOMPRESSION SICKNESS 


Let us look at subject A, Table 1, a deep 
sea diver who expérienced spinal cord in- 
jury (1933) and subsequent injuries in high 
and low pressure chamber decompressions. 
It is observed that the pain affected areas 
are remarkably similar irrespective of the 
conditions for bubble formation, i.e. at 
simulated altitude, from nitrogen normally 
present in the body, or following decom- 
pression, from nitrogen previously absorbed 
by the body in the high pressure atmosphere. 

We may analyze some of the factors in- 
volved in the production of “altitude” and 
“pressure” bends (Fig. 1). 

In vivo chemical dissection of the diver’s 
body by the specific gravity technique and 
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TABLE I 


Symptoms ELIcITED By RAPID CHANGES IN BAROMETRIC PRESSURE 








| 
| 





Too Rapid Decompression From 
High Pressure Atmospheres 


| Too Rapid Decompression in Simulated 
Altitude Ascents 





Feb. 13, 1933. Under 4 atmospheres pressure for 4 | 


Medical Officer 


Dec. 5, 1940. 20,000 ft. for 45 mins.; 25,000 ft. for 


hrs. Three hrs. after exposure severe substernal irrita- | 45 mins.; 30,000 ft. for 90 mins.; 37,000 ft. for 49 


tion, pain in extremities, fever, sweating, malaise. 


‘ March 20, 1933. Exposed to 4 atmospheres pres- | 


| mins.; after 23 mins. at 30,000 ft. and continuing at 
| 37,000 ft., pain was felt in left shoulder and in both 


° Tn : | ~ ° 
sure for 110 mins. Three hrs. following decompres- | knees. Extreme fatigue was present 5 hrs. after re- 


sion, substernal irritation, pain in right knee and 


right hip, required recompression. 


May 15, 1933. Four atmospheres pressure for 120 
mins. One hr. following decompression throbbing 
pain was present in the deltoid area, right arm ac- 


companied by mild substernal discomfort. 


| 
turn to normal pressure. 


Oct. 28, 1940. 25,000 ft. for 240 mins.; 35,000 ft. 
for 120 mins. After 2 hrs. at 25,000 ft., pain de- 
| veloped in left shoulder. At 35,000 ft. pain was felt 
in the right knee accompanied by substernal distress. 
Complete relief after return to sea level. 





Diver A 


1933. Spinal cord injury; residual foot drop and 


Oct. 31, 1940. 27,000 ft. for 114 mins., pain in 


hyperactive reflexes were observed for a period of | right knee, symptoms progressive. Pain relieved at 


several weeks followed by complete recovery. 


May 10, 1490. Exposed toa depth of 90 ft. for 9 hrs. | 
one hr. following decompression diver developed pain 


in right knee, relieved by 4 hrs. recompression. 


| 14,000 ft. 

Dec. 12, 1940. Exposed at 20,000 ft. for 300 mins.; 
at 37,000 ft. for 10 mins. Pain developed in right 
knee at 37,000 ft., abated at 25,000 ft. 








Diver B 
May 8, 1940. Exposed at 90 ft. for 9 hrs. 65 mins. 


Nov. 11, 1940. Surface oxygen inhalation for 45 


following decompression, severe pain was experienced | mins.; at 31,000 ft. for 111 mins. After 90 min. pain 


in left elbow. Recompression required. 


| developed in left elbow and radiated to the shoulder. 


Pain subsided at 21,000 ft. 





Diver C 


June 25, 1942. Subject breathed a helium-oxygen 
mixture for a period of 30 min. at a depth of 400 ft. 
Following decompression he complained of pain, 
swelling and limitation of motion confined to the 
right ankle. 


techniques for measuring total body water 
permit us to compute the normal molecular 
nitrogen content of tissues as follows: 

body weight 70 kg 

body fat..... ise ke X 52 717.7 cc. “Fat” N. 
body water. .40.5 kg x 9= 364.5 cc “Fluid” N, 


Total N,.....1082.2 cc 


The total body Nz measured during O, 
inhalation for 17 hrs. was 1076 cc, or ap- 
proximately one liter when the partial pres- 
sure of N2 in ambient air is 573 mm Hg. 

The following conditions pertain to 


bubble formation after rapid decompression 
following a 30-minute exposure to a depth 


July 28, 1942. Subject in a simulated altitude 
ascent to 38,500 ft. developed intense pain in the 
right ankle after a period of 46 min. 


of 132 feet (5 atm., absolute), and after 
rapid decompression from ground level to 
38,500 feet (1/5th atm.). 

At the diving depth for a period of 30 
minutes, the body becomes about 60 per cent 
saturated with atmospheric nitrogen and 
takes up some 2400 cc of the possible 4000 
cc of excess nitrogen available. 

Following rapid decompression from the 
diving depth some two liters of gas consti- 
tute the reservoir for bubble formation. The 
volume of the nascent bubbles is somewhat 
increased (about 13 per cent) by CO, and 
water vapor (Fig. 1). 

At altitude (1/5th atm.), the body after a 
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period of 30 minutes loses about 60 per cent 
of the nitrogen normally present in the tis- 
sues or about 640 cc, leaving a residual of 
260 cc (NTP) or about 1040 cc of excess 
nitrogen measured at 1/5th atm. Nascent 
bubbles from this reservoir are increased 
in size about 50 per cent by CO, and water 
vapor. Hence, about the same volume of 
gas may be present in bubble form following 
both the altitude and pressure decompres- 
sions (Fig. 1). 

When decompression sickness occurs at 
altitude it is particularly important to main- 
tain oxygen inhalation at least until ground 
level is reached in order that the large CO.- 
H,O vapor fraction of the bubble be dis- 
sipated by re-solution and not replaced by 
nitrogen, as it would be were air breathed 
during the altitude descent. 
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DISCUSSION OF ETIOLOGY 


Is the common denominator underlying 
the outlined protean manifestations an inter- 
ference of circulation to tissues and organs 
by a mechanical agent, namely, gas bubbles? 
The pressure change itself certainly in the 
range of 0.10 to 17 atmospheres is without 
physiologic effects although some minor al- 
terations in metabolism have been described 
by Cook.* For example, we can remove 
the dissolved nitrogen in body tissues by 
oxygen inhalation (preoxygenation) and 
prevent decompression sickness. Specifically, 
a group of twelve deep sea divers and two 
medical officers breathed oxygen with the 
exception of one subject, for a period of 4 
hours. This “washing out” of the dissolved 
body nitrogen enabled them to make a simu- 


SUBJECT A 
WEIGHT - 70 kg. 
BODY FAT - 13.8 kg. 
TOTAL WATER - 40.5 ke. 
BODY Np - 1076 ce (NIP) 
W_ PRESSURE 
HIGH PRESSURE He 
38,500 ft. (1/5 atm.) 
132 te, (5, atm, abs.) : 30 min. 
Ne 
Normal 
Pressure 











7,00 cc Excess N, 


| 


| 








040 cc Excess N, 








co. 
1,6 vapor 


Normal 
Pressure 


Fic. 1. Schematic diagram of factors underlying bubble formation in Subject A, table 1, under condi- 
tions following altitude and diving depth decompressions. About two liters of excess Nz initially are 
available for bubble formation when the diver reaches surface. About one liter of excess N2 measured at 


0.2 atm. is available to initiate bubble growth after 30 min. at 38,500 feet. 
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lated ascent at a rate of 5000 feet per min- 
ute to an altitude of 38,500 feet (0.2 atm.) 
and to remain at this altitude for a period 
of 12 hours. Without denitrogenation all 
subjects developed “chokes” or bends, us- 
ually within a period of 80 minutes. It is of 
interest that one subject who became highly 
susceptible to bends following a leg injury, 
required a preprotection oxygen inhalation 
period of 6 to 12 hours for adequate deni- 
trogenation. 

Although agree 
vaguely) that gas bubbles play a role in the 


investigators (some 
etiology of the symptoms, they are not in 
agreement as to intravascular or extra- 
vascular location. 

The preponderance of evidence points to 
intravascular bubbles as the cause of symp- 
toms and we can do no better than to quote 
Boyle,= who in 1670 following 
the invention of the newly developed air 


Robert 


pump subjected animals to the effects of 

partial vacuum. 
“The little 

absence of the Air in the Bloud, juyces, and 


3ubbles generated upon the 


soft parts of the Body, may be their Vast 
number, and their conspiring distention, 
variously streighten in some places, and 
stretch in others, the Vessels, especially the 
smaller ones, that convey the Bloud and 
Nourishment; and so by choaking up some 
passages, vitiating the figure of others, dis- 
turbe or hinder the due circulation of the 
Bloud!” 

However, with reference to simulated al- 
titude ascents, particularly in the more 
serious manifestations of decompression 
sickness pertaining to vision, cardiorespira- 
tory involvement, and peripheral vascular 
collapse and shock, there appears to be con- 
fusion as to whether or not gas emboli play 
an etiologic role. “Clinical” investigators 
have postulated that the above mentioned 
conditions rest on a humoral or even reflex 
basis. Certainly, Masland’s view was widely 
held that no single entity could be responsible 


for such a varied group of physiological 
disturbances.® 

It was fortunate during World War II 
that we were able to interest Drs. Gersh and 





Catchpole in a histopathologic investigation 
using a freeze-drying technique to preserve 
the in vivo state of tissues and blood follow- 
ing rapid decompression of small animals 
from high pressure atmospheres. As a re- 
sult of several years of assiduous investiga- 
tion these investigators were able to sum- 
marize the present status of the problem. 

“The evidence is overwhelming that gas 
bubbles are the primary pathogenetic agent 
in eliciting the pathologic effects of decom- 
pression sickness. Whether they occur after’ 
decompression from high pressure atmos- 
pheres or at altitude, gas bubbles are chiefly 
intravascular, and they are held to be re- 
sponsible for nearly all important phases 
of the syndrome of decompression sickness. 
Extravascular gas bubbles occur also under 
certain severe instances of decompression 
from high pressure atmospheres, but they 
are restricted to certain lipid-rich structures. 
The pathologic effects may be vastly greater 
after decompression from high pressure 
atmospheres than at altitude.” 

It is true that appreciable quantities of 
gas particularly after altitude decompression 
may exist extravascularly, e.g. in tissue 
spaces but there is no evidence that these 
gas accumulations give rise to pain. They 
may be tolerated in the same manner per- 
haps as edema or large amounts of saline 
administered subcutaneously. 

Figure 2 shows some of the findings of 
Gersh and his coworkers with reference to 
the formation of bubbles in adipose tissue. 
By means of the specific gravity technique’ 
it was possible to demonstrate quantitatively 
the degree of bubble formation by the de- 
crease in whole body density when guinea 
pigs were rapidly decompressed and to dem- 
onstrate also the difference between fat 
and lean animals rapidly decompressed so 
as to produce bubbles (Fig. 3). 


PHYSIOLOGIC MECHANISM RESPONSIBLE 
FOR “CHOKES” AND SHOCK 


Perhaps the most easily demonstrated 
effects of intravascular bubbles are those 
referrable to the cardiorespiratory system. 
Let us review briefly some dog experiments 
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carried out about 20 years ago at the Har- 
vard School of Public Health which provide 
additional detail to the classical studies of 
Heller, Mager and von Schrotter,$ showing 
the progression in the dog from a state of 
well being to a condition of shock following 
too rapid decompression from high pressure 
atmospheres. 

Respiratory Manifestations of Intravas- 
cular Bubble Formation.—The anesthetized 
dog may be subjected to compression at 4 
atmospheres pressure for a period of 4 
hours (saturation period for the dog) and 
following rapid decompression (15  sec- 
onds), the respiratory rate remains un- 
changed. 

If the pressure is raised to 5 atmospheres 
and maintained for a period of 1.5 hours, 
then after rapid decompression (15  sec- 
onds), the respiratory sequence may be as 
follows : 


Time (min.) following decompression .... 
POSH SECU MMOs 51s ca wisn ow DCasicbaeess 


Re OP En 4 8 1417 21 
nbecG isan. aes 24 22 34 24 50 54 36 19 





Decompression Sickness 263 


compression to the initial pressure of + 65 
psi is followed by a restoration of respira- 
tory rate to 22. Decompression again induces 
tachypnea of the order of 100 respirations 
per minute. 

Tachypnea Following Injections of 
Starch Solutions and of Seeds—We may 
turn to the classical investigations of Bin- 
ger, Brow, and Branch® who, utilizing the 
technique of Dunn,?® reproduced the iden- 
tical signs outlined above by experiments 
that left no doubt as to etiology. They “em- 
bolized” the pulmonary circulation in dogs 
by intravenous injections of a suspension of 
potato starch (the particles of which ranged 
from 5 to 60 micra in size). In another 
series of experiments, seeds from 0.1 to 
0.5 mm, in diameter were injected. 

In the starch experiments the emboli were 
lodged in the smaller branches of the pul- 


25 34 200 


Femoral Blood Pressure—Values remained between 120-130 mm Hg. 


If now the same dog is recompressed to 5 
atmospheres for a period of 2 hours, and 
then again rapidly decompressed, the bubble 
formation apparently is overwhelming and 
asphyxia rapidly supervenes. 


Time (min.) following decompression .... 
PRESDAEAUOE - SROU 5.o ois-dsc cis tarsi a's oe «:0-su0 0s 
Femoral Blood pressure ..............000- 


A Further Study of Rapid, Shallow Res- 
piration (tachypnea), Pathognomonic of 
Bubbles in Pulmonary Vessels Following 
Decompression.—In Table 2, it is observed 
that the respiratory rate increases from 26 
during compression to 90 following decom- 
pression. It is then restored to normal by 
recompression and oxygen inhalation at 30 
lb. gauge pressure. As the pressure is re- 
duced the respiratory rate increases (intra- 
vascular bubbles increase in size). When 
oxygen is replaced by air respiration rate is 
elevated but as the experiment progresses 
(and bubbles are dissipated or reduced in 
size) the respiratory rate remains the same 
with either air or oxygen inhalation. Re- 


oho 14149 8 7 
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monary vessels. Variable quantities of starch 
suspension in different dogs could be in- 
jected without inducing respiratory or other 
symptoms. As the total quantity of starch 
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solution was increased there occurred the 
typically rapid, shallow respiration as shown 
in the following tabulation: 


Exp. 21 Time Total Starch cc Resp. Rate 
11:25 0 24 
12:09 10 12 
12:10 to 12:25 40 
12:25 24 
12:45 46 
1:10 66 
1:16 100 


There was reduction of the oxygen satu- 
ration of arterial blood and varying degrees 
of hemoconcentration. The tachypnea in the 
starch experiments was not relieved by oxy- 
gen inhalation (relief of anoxemia) but it 
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Fic. 2. Stages of bubble formation in fat tissue 
of guinea pigs rapidly decompressed from high 
pressure atmospheres. 

A—Normal fat tissue. 

B and C—Enlargement of fat cells by inclusion 

of minute bubbles. 

D—Rupture of gas filled cells to produce 

pockets. 

E—Rupture of vessels to produce hemorrhage. 
(From Gersh and Hawkinson, Research project 
X-284, Report No. 1, Naval Medical Research In- 
stitute. ) 
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GAUGE PRESSURE 


Fic. 3. Decrease of specific gravity as a result 
of: bubble formation in the eviscerated carcasses 
of guinea pigs following immediate decompression 
from high pressure atmospheres after one hours’ 
exposure (from Gersh, Hawkinson, Rathbun and 
Behnke, Research Project X-284, Report No. 2, 
Naval Medical Research Institute). 


was effectively eliminated by a freezing 
technique applied to the vagus nerves. The 
authors ruled out afferent irritative stimuli 
(because initial injections of starch were 
without effect) and considered that the 
starch granules in the arteriolar vessels give 
rise to a quantitative obstruction of pulmo- 
nary circulation which produced a mechanical 
limitation of each phase of the Hering- 
Breuer reflex. The resultant rapid, shallow 
breathing was compared with clinical condi- 
tions of acute and passive pulmonary con- 


TABLE 2 


RELATIONSHIP BETWEEN RESPIRATORY RATE, AIR PRESSURE AND THE INHALATION OF OXYGEN IN 
AN ANESTHETIZED DoG RAPIDLY DECOMPRESSED FROM HiGH AIR PRESSURE 














Time Treatment Resp. Rate Remarks 
12:22 65 lbs. air pressure 26 105 minutes compression 
12:3: Following decompression 90 Period of bubble formation, air 1 atm. 
1:04 Oxygen 30 lbs. gauge 20 Recompression 

1:10 Oxygen 10 Ibs. gauge 30 Oxygen decompression 
1:16 Oxygen 5 Ibs. gauge 32 

1:32 Oxygen 1 atm. +40 

2:30 Air 1 atm. 52 

3:00 Oxygen 1 atm. 40 

3:09 Air 40 

3:50 65 Ibs. air 22 p.p. of O2 1.12 atms. 

4:06 Following decompression 100 Period of bubble formation 
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gestion, lobar pneumonia, and pulmonary 
fibrosis, in which there is also a reduction 
of lung volume. 

In the seed experiments, the injected par- 
ticles because of their size in contrast to 
the starch granules, obstructed the larger 
pulmonary vessels to produce a greater de- 
gree of anoxemia and a more moderate 
tachypnea which responded favorably to 
oxygen inhalation. 

30th the starch and seed injections, act- 
ing in the one case on the arteriolar vessels 
and in the other on the larger branches of 
the pulmonary artery, tended to disrupt nor- 
mal pulmonary blood flow-diffusion area 
relationships such that the remaining open 
capillaries were dilated and crowded with 
columns of corpuscles too thick (and moy- 
ing too rapidly) to permit proper oxygena- 
tion of blood. 

In our experiments the nascent gas bub- 
bles no doubt block both the large and the 
small pulmonary vessels. 

Further Observations that Support Intra- 
vascular Bubbles as the Cause of Tachyp- 
nea.—In the anesthetized dog, the sub- 
cutaneous vessels may be observed by turn- 
ing over a layer of skin following incision. 
The red blood vessels stand out clearly 
against the white background of the dermal 
layer. Following rapid decompression there 
are no bubbles observed in the blood vessels 
prior to the onset of tachypnea. Concomi- 
tant, however, with increased breathing, one 
observes small bubbles circulating rapidly 
through arteries and veins. As the number 
and size of the bubbles increase they be- 
come too large to pass through peripheral 
capillaries and subcutaneous blood flow 
comes to a standstill. 

At the time that circulating bubbles are 
observed peripherally, one may insert a glass 
canula into the right atrium or ventricle via 
the external jugular vein. The blood moving 
into the canula contains numerous bubbles. 
These bubbles are not seen prior to the on- 
set of tachypnea or during the recompres- 
sion period. The triad, slow pulse rate, rapid 
respiration (tachypnea), and fall in blood 
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pressure, characteristic of acute, diffuse gas 
embolism .in dogs precedes circulatory in- 
sufficiency and irreversible shock. The de- 
rangements in the early stages are reversible 
as shown in Figure 4. 

Shock Associated with Anoxia, CO, Ex- 
cess, and Hemoconcentration Resulting from 
Intravascular Bubbles—tIn Table 3 we may 
observe the amazingly low level of oxygen 
saturation of arterial blood combined with 
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Fic. 4. Alterations in blood pressure, respiratory 
rate and pulse rate of dog decompressed in ten 
seconds from a gauge pressure of 65 Ibs. after 1.5 
hours’ exposure followed by recompression (in- 
terval of ten minutes) to a pressure of 30 lbs. 
(oxygen) for twenty-five minutes. Pressure was 
then lowered to atmospheric in twelve minutes, 
and oxygen in halation continued for seventeen 
minutes. Preceded by period of oxygen breathing 
(thirty minutes), compression of dog was again 
carried out at a pressure of 65 lbs. for period of 
forty-five minutes, followed by ten seconds’ de- 
compression. After interval of twelve minutes dog 
was recompressed to a pressure of 30 Ibs. for 
twenty minutes (oxygen inhalation). 


an elevated pCO, during the course of the 
full-blown tachypnea. As the experiment 
progresses, the arterial-venous difference 
may be five times normal to reflect the ob- 
structive effect of bubbles in the vascular 
bed and on cardiac function. The loss of 
plasma through the injured capillary walls 
is suggested by the rising hemoconcentra- 
tion as measured by an increase in blood 
oxygen capacity from 22.8 to 29.8 vol. per 
cent. 
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TABLE 3 


PuystoLocic Errects or Too Rapip DECOMPRESSION (5-6 SECONDS) OF A DoG ExPosED 


TO 65 Las. Sg. In. GAGE PRESSURE FOR A PERIOD OF 105 MINUTES 











Arterial 

Arterial Resp. % Sat. Blood Venous Oz 
pCO, Rate HbO; Pres. O: Dif. Capacity 
(1) (2) (3) (4) (5) (6) 
OE OS Ee er eee 45 20 90 116 3.6 22.8 
Post Compression Period............ ; 59 142 24 140 to 30 6.9 26.1 
Recompression Period. ... ates aft 56 40 88 90 fice 27.3 
Period following Recompression.... . . 59 


125 26 100* 19.6 29.8 


* Oxygen was inhaled during the 2-hour recompression period. 


CLINICAL CONCEPTS 


The Premonitory Sign of Pulmonary Gas 
Emboli— About twenty years ago at the 
Harvard School of Public Health, in the 
course of experiments it was necessary to 
work for several hours at 4 atmospheres 
pressure about 3 days a week. Following de- 
compression but preceded often by several 
hours of well being, I experienced subster- 
nal discomfort at first only on deep inspira- 
tion which frequently elicited the cough re- 
flex. As in the starch experiments there were 
no respiratory signs or even symptoms 
(when deep inspirations were not attempted ) 
under conditions in which it was highly 
probable that appreciable quantities of gas 
were present in the pulmonary vessels. 
Either complete recovery occurred following 
decompression to permit deep inspiratory 
effort without 
course of the next hour depth of breathing 


symptoms or during the 


became progressively less because of sub- 
sternal distress, and rapid shallow breathing 
supervened. Deep inspiration at this stage 
induced paroxysmal coughing (the chokes). 
To prevent acute asphyxia it was necessary 
to undergo recompression. Concomitant with 
the onset of substernal distress following 
deep inspiration there occurred frequently 


a debilitating malaise. The contrast between 
the latent period of exceptional well-being 
and the abrupt onset of fatigue was unmis- 
takable. It was not “psychologic or emotional 
fatigue” but on the evidence obtained from 
the dog experiments, it was most likely an 


effect of slowed circulation due to the pres- 
ence of intravascular bubbles. 

Subsequently, in the altitude chamber 
tests, we have regarded the deep inspira- 
tory test as positive when it elicited sub- 
sternal soreness and the cough reflex. Be- 
cause it frequently preceded the onset of 
bends and circulatory collapse, we have re- 
garded it as a most valuable sign and cer- 
tainly the earliest clinical sign indicative of 
the presence of intravascular gas bubbles. 

“Silent” Bubbles——That gas bubbles in 
appreciable quantity may lodge in the pul- 
monary bed without inducing rapid respira- 
tion has been mentioned previously as well 
as the intravenous injections of starch in 
dogs which initially were well tolerated. 
Further evidence that nascent gas bubbles 
may be symptomless was found in the al- 
titude chamber experiments. 

At 38,500 feet, for example, the sub- 
cutaneous fat in the arm could be lightly 
traumatized by periodically inflating and de- 
flating a sphygmomanometer pressure cuff. 
The resulting crepitus under the alternately 
pressurized area, disappeared on descent to 
ground level (recompression). Roentgeno- 
logic visualization of joints and tissue spaces 
have revealed collections of gas which were 
not necessarily associated with symptoms. 

In an extended series of experiments 
rapid simulated ascent to 25,000 feet with 
the subject inhaling oxygen was usually un- 
eventful during a stay of several hours at 
this altitude. However, ascent from 25,000 
feet to 38,500 feet frequently elicited chokes 
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and bends. It was inferred from these ex- 
periments that “silent” bubbles had formed 
at the simulated altitude of 25,000 feet and 
their presence became known only on fur- 
ther ascent to the higher altitude. Oxygen 
breathing at 25,000 feet, presumably because 
“silent” bubbles were present, was less effec- 
3 tive for denitrogenation and hence protec- 
tion against decompression sickness, than at 
ground level. 

I have used the term “silent bubbles” to 
describe nascent gas bubbles which do not 
give rise to symptoms. It is probable that 
they occur following every rapid decompres- 
5 sion and that a circulating protein medium 
like blood does not hold gas in a state of 
r supersaturation. This phase of the decom- 
; pression problem is ove that invites metic- 
z ulous investigation. 


f CasE Histories ILLUSTATING THE RECUR- 
RENT CLINICAL ERROR—INADEQUATE RE- 
COMPRESSION IN TERMS OF DURATION AND 
f DEGREE OF PRESSURE REQUIRED 


Certain cardinal signs of shock as ob- 
served in the dog have been seen also in the 
occasional non-fatal and in the rare fatal 
injury following simulated altitude expo- 
| sure. Excerpts from the clinical report of a 
non-fatal case follow. 

The subject was a 37 year old male who 
) during the course of a simulated altitude of 
35,000 feet, developed pain in the right knee 
and a burning substernal sensation during 
each inspiration. Deep inspiration elicited 
coughing. Arterial pressure was 150/100 
compared with a pre-exposure pressure of 
112/76. 

Fifty-six minutes after reaching altitude 
and 25 minutes after the onset of symptoms, 
he experienced severe pain in both knees, 
the left shoulder and the left elbow. He 
coughed frequently, arterial pressure was 
80/70 mm Hg. in the sitting position and 
the pulse rate was 96. His face became pale 
and he complained of marked dizziness and 
slight nausea which forced him to lie down. 
Descent was started and at 25,000 feet there 
was complete relief of joint pain but 
paroxysmal coughing continued. 
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Post flight reactions—Fifteen minutes 
after descent he noted blurring of vision 
from scintillating scotomata in the right 
homonymous fields of vision. The scotomata 
migrated peripherally and within eighteen 
minutes disappeared. The subject walked 
from his laboratory to his office, still cough- 
ing occasionally. He experienced a burning 
substernal sensation on deep breathing, 
which was accentuated on inhalation of ciga- 
rette smoke. He exhibited slight pallor of 
the face and continued to note waves of 
dizziness when sitting relaxed. He was un- 
able to concentrate. The dizziness and pallor 
failed to diminish and one hour after the 
flight he was forced to lie down again be- 
cause of faintness and nausea. At this time 
(11 A.M.) he lay flat in bed, occasionally 
sighing deeply and complaining of excessive 
thirst. He was extremely restless and ap- 
prehensive. The skin was pale and periph- 
eral pulses were palpable but weak. Ar- 
terial pressure (recumbent) was 80/60 and 
the pulse rate was 110 per minute. During 
the next two hours, arterial pressures were 
recorded at 82/70, 80/66 and 76/58 mm Hg. 
His lungs were clear to auscultation, the 
vital capacity was 4.1 liter, temperature, 
99.4°F, white blood cell count, 16,800 per 
cu mm. and hematocrit, 54. 

Throughout the day he complained of 
thirst and was given approximately 1500 cc 
fluids of tap water and orange juice. Total 
urine output in 12 hours was 300 cc of 
highly concentrated and colored urine. 

X-ray of the chest taken during this epi- 
sode revealed that throughout both lung 
fields there was a marked degree of vascular 
dilation. The heart measured 12 cm in a 
chest of 32.5 cm. A chest X-ray taken the 
following day showed that the congestion 
had subsided. 

Comment: The initial substernal distress 
at “altitude” should have precipitated de- 
scent to the ground level and the subsequent 
imminent shock should have been treated 
by recompression to pressures above one 
atmosphere. Failing this, strict bed rest 
should have been enforced in order to re- 
strict migration of bubbles from the pul- 
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monary vascular bed to critical areas as 
well as to limit their growth from carbon 
dioxide accretion and “negative” tissue 
pressures incident to muscular contractions. 
That the underlying condition was not fully 
appreciated is evident from the conclusions 
of the clinicians who were not familiar with 
this type of injury. “There is no specific 
treatment for this severe reaction other 
than the accepted treatment of shock. Plas- 
ma and 100 per cent oxygen inhalation have 
been used without any clearcut evidence of 
their efficacy. Prophylactic measures, chiefly 
careful post flight observation for up to two 
hours after severe chamber reactions, are 
probably helpful in avoiding undue exertion 
in subjects developing this reaction. The 
occurrence of such severe shock states after 
decompression sickness is probably indica- 
tive of widespread tissue damage, the delay 
in the development of the reaction would 
suggest that the reaction is the result of 
products of tissue damage. The frequent oc- 
currence of the neurologic syndrome in the 
subjects with shock suggests that the cere- 
bral vascular tree is particularly susceptible 
to these products of cell damage.” 
Excerpts from a fatal case following ex- 
posure to simulated altitude flight—A white 
male 25 years of age, was exposed at 3:30 
P.M. to a simulated altitude of 38,000 feet 
for a period of 72 minutes. Near the end of 
the test period the patient complained of 
nausea and of feeling hot and cold all over. 
He was short of breath, his skin was cold 
and clammy, and his pulse was weak but he 
was not cyanotic. After descent to ground 
level, pulse rate was 54, respiration, 32, and 
blood pressure, 90/60. He was placed in 
shock position, as a consequence of which 
skin temperature improved and pallor de- 
creased. After 40 minutes he left the re- 
covery room and returned to his barracks. 
Weakness, dyspnea, nausea, and vomiting 
supervened and about 30 minutes later he 
was brought by ambulance to the dispen- 
sary. Patient was in a state of collapse but 
was mentally clear; the radial pulse was not 
palpable, the cardiac rate was rapid, the 
blood pressure unobtainable and the respira- 


tions 35 per minute. Oxygen therapy was 
begun. By 11:30 P.M. cyanosis became strik- 
ing. At midnight he was restless and appre- 
hensive. He complained of pains in the 
chest, and had signs of pulmonary edema. 
Death occurred at 1:00 A.M. The important 
finding at autopsy was the thick syrupy 
consistency of heart blood which indicated 
extreme hemoconcentration. 

Comment: Such patients require recom- 
pression to pressure levels greater than one 
atmosphere. 

Excerpts from three cases of paralysis in 
caisson workers 1948-1950.—Case 1. A 
foreman 45 years old, spent about 2 hours 
underground at a gauge pressure of 34 
lb./sq. in. Essentially he by-passed the nor- 
mal decompression period in order to see 
the chief engineer. 

About a quarter of an hour later his legs 
became numb and weak and he had to be 
assisted to the medical lock where the pres- 
sure was at once raised to 40 lb./sq. in. 
Altogether five attempts at recompression 
and decompression were made with no 
beneficial effect. Retention of urine neces- 
sitated catheterization by the works’ doctor, 
and the patient was admitted to the hospital 
16 hours after the onset of paralysis when 
it seemed evident to the works’ doctor that 
further compression would not make him 
any better. 

On physical examination there was paral- 
ysis of both legs, and the bladder was dis- 
tended to the level of the umbilicus. The 
cranial nerves were normal and the arms 
and upper part of the trunk appeared to be 
unaffected. The abdominal reflexes were ab- 
sent and in the lower limbs the tendon re- 
flexes were brisk and equal. There was left 
ankle clonus. In both feet the plantar re- 
flexes were extensor, and sensation to pin 
prick was absent in the legs and in the 
thighs and abdomen up to the level of the 
umbilicus. Vibration sense was absent in the 
legs and iliac crests, and he was incontinent 
of feces. His pulse rate was 56 per minute, 
blood pressure was normal and there were 
no abnormal signs in other systems. 

Some movement had returned to the left 
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leg and to a very slight degree in the right 
leg by the evening of the day of admission 
and from then on there was a gradual return 
of power and sensation. 

A month after admission the patient had 
recovered the use of his legs sufficiently to 
move about the ward with assistance but, 
although there was partial control of bladder 
function, he was still incontinent of feces. 
The right leg was wasted and relatively 
weak ; co-ordination of the lower limbs was 
poor, vibration sense absent, and Babinski 
tests were positive. 

One year after the injury he reported that 
his condition was much the same and that 
defective control of defecation resulted in 
periods of constipation followed by diar- 
rhoea. Urinary incontinence made it neces- 
sary to continue wearing the absorbent bag 
and he was now using a motor-propelled 
invalid chair. 

Comment: Inadequate treatment in that 
the pressure level and duration of stay in 
the pressure chamber were insufficient. Gas 
emboli require many hours for re-solution 
and recovery from acute paralysis is pos- 
sible if circulation to the injured spinal 
cord area can be restored by immediate and 
adequate recompression. 

Case 2. A 29 year old worker finished a 
shift of 3 3/4 hours at 34 lb. gauge pres- 
sure. During decompression he complained 
of numbness in the left elbow region and of 
feeling faint. His companions signalled for 
decompression to be hastened. Atmospheric 
pressure was reached in about 30 minutes 
instead of the usual 76 minutes. At first it 
was thought that he was dozing, but on com- 
pletion of decompression it was evident that 
he was unconscious. 

He was taken immediately to the medical 
lock and recompressed to 38 lb./sq. in. with 
the result that he recovered consciousness. 
He vomited and was able to move his legs 
a little although he still complained of a 
numb feeling in them. A doctor, not the 
practitioner who usually supervised the 
works, was summoned and advised decom- 
pression which was performed over about 
30 minutes. The patient was then sent to his 
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home by ambulance although he lived on the 
other side of the river, and, after a sleepless 
night, was admitted to the Infirmary. 

On examination he was pale and slightly 
cyanosed and the extremities were cold. His 
pulse was regular but weak and its rate was 
120 per minute; the temperature was 
97.6°F., and B.P., 90/60. His bladder was 
distended and palpable 2 inches about the 
pubic symphysis. There were moist sounds 
at both lung bases posteriorly. 

In addition to paralysis of the legs there 
was weakness of the arms and the lower 
intercostal muscles appeared to be immobile. 
Sensation was present, and the tendon re- 
flexes were also ali present and equal in the 
upper limbs, but there was complete anes- 
thesia to all stimuli in the legs and in the 
trunk below the level of the seventh thoracic 
vertebral spine posteriorly, and the third 
intercostal space anteriorly. Above this was 
an area of hyperaesthesia. He remained in 
hospital until August, 1949, 9 months after 
the accident, without any marked improve- 
ment in the use of his legs although walking 
calipers were of considerable help, and he 
was able to get about with the aid of 
crutches. He was still incontinent of urine. 

Case 3. A worker, aged 28, claimed to 
have had some experience in caisson work 
and was taken on as a miner in January, 
1949. He first went into the tunnel on Janu- 
ary 17 and worked in a pressure of up to 
39 Ib./sq. in. at the face. During compression 
he complained of pain in his ears and when 
in the tunnel said he had a numb feeling 
in his legs, and from the waist downward. 
He also felt sick and had a headache. After 
decompression he felt slightly better, but 
the numbness in his legs persisted and he 
had a crackling sensation in his ears for 
which he was sent to the Infirmary. 

The next day he stayed off work because 
of severe headache and vomiting. His legs 
still felt weak, but there was no pain. He 
stated that he was stopped when walking in 
the street by the police who thought he was 
drunk. The next day he again entered the 
tunnel at 7 A.M. and stayed for 6 hours in- 
stead of the customary 4 hours for new 
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workers, as he missed the outgoing shift. 
He claimed to have been decompressed in 
less than 1 hour instead of the required 1 
hour and 50 minutes. After decompression 
his legs again became numb and he felt 
faint and dizzy; there was an aching pain 
in the right leg from the ankle to the groin, 
and subsequently a similar pain came in the 
left leg. One hour after decompression he 
went into the tunnel again and remained 
there for 3 hours, after which he was again 
decompressed; this time in 1 hour and 50 
minutes. His symptoms had not improved 
and he stated that he tried to go home but 
collapsed on the way. He was sent by am- 
bulance back to the medical lock where he 
remained for 7 hours in all. On decompres- 
sion from the medical lock he had a severe 
ache over the precordium, a sensation of 
bursting and nagging pains in both legs— 
worse in the left, a severe headache, dizzi- 
ness, hazy eyesight, pains behind the eyes, 
but there was no vomiting. This was at ap- 
proximately 6:30 A.M. At 7 A.M. he entered 
the tunnel again, but stayed only 3 hours as 
he was unable to stand. Decompression was 
completed in 1% hours. Because of the 
severe pains in his left leg the attending doc- 
tor gave him an injection of morphine and 
sent him to the Infirmary. 

On examination he was found to be con- 
scious, rational, but very verbose. His gen- 
eral condition was excellent and the only 
abnormal findings reported were as follows. 
The left leg was held stiffly with no active 
movement ; -passive movement was possible 
but painful. Tone in the right leg was nor- 
mal, and not increased in the left leg. Co- 
ordination was normal. There was some im- 
pairment of sensation to light touch in the 
whole of the left leg, and temperature and 
vibration senses were absent. Muscle joint 
sensation was normal and there was no 
anaesthesia. Ankle jerks and knee jerks 
were present. The impression formed by the 
doctor who saw him was that this was a 
mild case of Caisson disease with an over- 
lay of hysteria. The patient discharged him- 
self from the ward after 6 days. 

Comment: The history of diving and cais- 





son work is marred by the recurrent errors 
which these unfortunate cases illustrate and 
which may be categorized by the following 
deficiencies : 

1. Failure to apply the pressure test in 
doubtful cases, “It can’t be decompression 
sickness.” 

2. Failure to keep the injured patient at 
the ‘“60-foot” pressure level for periods 
which may be of the order of several days. 

3. Failure to keep the “treated” patient 
near the recompression chamber for a 
twenty-four hour period. 


CONCLUDING COMMENT 


Elaborate pressure installations even com- 
plete with air conditioning which make pos- 
sible tests at simulated depths of 1000 feet, 
“push button” gas analyzers, ample funds, 
and three new tools, 1) radioisotopes, 2) in 
vivo methods for the determination of body 
fat, total body and extracellular water, blood 
volume, and 3) availability of sizable quan- 
tities of a variety of inert gases, should 
serve to inaugurate a new era in the phys- 
iological and clinical investigations required 
to further our knowledge of decompression 
sickness. 


SUMMARY 


1. Decompression sickness may be looked 
upon as a serious military and industrial 
problem arising from the presence of nas- 
cent gas bubbles following too rapid decom- 
pression from high pressure atmospheres or 
from ground level to high altitudes. 

2. The bubbles, chiefly intravascular, act 
as diffuse massive emboli to obstruct cir- 
culation and produce remarkably protean 
manifestations. Prominent are pain (bends), 
respiratory distress progressing to asphyxia 
(chokes), circulatory obstruction giving rise 
to central and peripheral circulatory failure 
(shock), spastic paralysis referable to in- 
jury of the spinal cord, and chronic bone 
lesions. 

3. By means of the pressure chamber, the 
obstructing gas emboli may be recompressed 
and even the moribund individual, for ex- 
ample, restored to a state of well being. 
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There is perhaps no other condition of 
comparable severity in which the circula- 
tion of blood throughout the body can be 
brought nearly to cessation and from which 
recovery occurs when the diffuse circulatory 
stagnation brought about by gas emboli is 
alleviated by recompression. 

4. The bubble emboli, however, require 
many hours for re-solution even when 
greatly reduced in size by recompression. In 
some cases it may be necessary to prolong 
recompression therapy over a period of 
several days. 
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Pathological Aspects of Life at High Altitudes 


By 


Dr. ALBERTO HurRTADO 
The Institute of Andean Biology, and the Department of Pathological Physiology, 
Faculty of Medicine, Lima, Peru 


(With 11 


AN at high altitudes lives in a con- 
dition of constant anoxia. Due to 
the reduced partial pressure of 
oxygen in the inspired air, the hemoglobin 
does not become normally saturated when 
the blood circulates through the lungs and 
there occurs also a decrease in the tension 
of the small fraction of this gas physically 
dissolved in the plasma. Under these cir- 
cumstances the adequate supply of oxygen 
to the tissues becomes difficult. 
Most of the research in this field has 
been directed to the study of the alterations 
generally present in the early part of the 
and to the knowledge of the 
take 
leading, in most cases, to a condition of 


exposure, 


adaptive mechanisms which place 


adaptation to the low oxygen pressure. 
Comparatively less attention has been given 
to the man born and raised in this environ- 
ment and his place among healthy indi- 
viduals has even been questioned. Jourda- 
net,’ from his observations in the Mexican 
plateau concluded, in 1875, that the symp- 
toms frequently observed in newcomers 
were also present, though in a lesser degree,. 
in the residents. Barcroft,? based on the 
data collected in the well known expedition 
to Cerro de Pasco, Peru, in 1925, expressed 
that: “All dwellers at high altitudes are 
persons of impaired physical and mental 
powers.” These opinions, which automati- 
cally include all men living in high places 
within pathological domains and rule out the 
possibility of acclimatization, have been 
criticized by Herrera and Vergara Lopez® 
in regards to the conditions existing in 
Mexico, and by Monge* in what concerns 
the native resident of the Peruvian Andean 
region. We are also in disagreement with 
the conclusions of Jourdanet and Barcroft, 
largely based on a lack of differentiation be- 
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illustrations) 
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tween the behavior of newcomers and resi- 
dents. From our own studies,* mainly car- 
ried out in Morococha, Peru, at an altitude 
of 4,540 meters (14,900 feet), with a mean 
barometic pressure of 446 mm. Hg, we be- 
lieve that the native Indian, born and raised 
in this environment for countless genera- 
tions, has attained a high degree of what 
may be called: natural acclimatization. It 
will not be possible to give here a proper 
interrelated 
mechanisms which seem to be responsible 


account of the compensatory 


for their excellent tolerance to the anoxic 


condition. In general, these mechanisms 


* These studies which have been in the past 
partially supported by the Division of Research 
Grants, U. S. Public Health Service, and receive 
now a similar assistance from the USAF School 
of Aviation Medicine, Randolph Field, Texas, have 
been conducted with the collaboration of other 
members of the Institute of Andean Biology and 
the Department of Pathological 
Faculty of Medicine, Lima, Peru. A preliminary 
report’ is about to be published. 
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tend to facilitate gas transport and to reduce 
the drop in the oxygen tension gradient 
from the alveolar air to the tissue level, thus 
favouring the diffusion of this gas from the 
blood. 

A higher pulmonary ventilation depend- 
ing, at least in part, on an increased sensi- 
tivity ot the respiratory center to chemical 
stimuli; a decreased alveolar-arterial gra- 
dient; an increase in the hemoglobin of the 
circulating blood in which there is also a 
proportional reduction in the bicarbonate 
content and in the pCOz so the pHs is kept 
within normal limits; a shift of the oxygen 
dissociation curve to the right indicating a 
lesser affinity of hemoglobin for oxygen; 
and a dilatation and possibly a greater num- 
ber of capillaries in the tissues are, among 
others, compensatory adjustments observed 
in these native residents. Their effectivity 
may be appreciated from the fact that at sea 
level there is a drop of about 105 mm Hg in 
the oxygen tension from the air at tracheal 
level to the mixed venous blood (right 
heart), while in Morococha, at the altitude 
mentioned, such drop amounts only to 48 
mm Hg.° In addition the study of the native 
resident at high altitudes during physical 
activity carried out on a treadmill, has 
shown that he compares favourably in time 
performance and in net efficiency with the 
active man living at sea level and that he is 
able to do muscular work with a reduced 
lactate and pyruvate production, accumulat- 
ing a lower oxygen debt for the recovery 
period.® These findings suggest the exist- 
ence of adaptative mechanisms at tissue 
level related to oxygen, utilization and en- 
ergy production. Potter and others,® and 
Tappan and Reynafarje,” working in our 
laboratory, have been obtaining suggestive 
evidence in this connection. We think that 
these tissue adjustments may constitute the 
fundamental characteristics of natural ac- 
climatization. 

Accepting the existence of a high degree 
of acclimatization in the native resident, we 
may also inquire whether a condition of 
constant anoxia may play an etiological role 
in certain pathological conditions observed 
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at high altitudes. Such consideration may be 
approached from two points of view: (a) 
the intervention of anoxia as directly re- 
sponsible for the development of a patho- 
logical condition, and (b) the influence of 
such a factor in the frequency, sympto- 
matology and evolution of some diseases. 
We will discuss briefly both aspects, but it 
is important to mention at the beginning 
that these subjects have not been yet exten- 
sively investigated so our comments are con- 
sequently limited by the lack of all the 
needed information. 

A certain degree of pulmonary hyperten- 
sion has been demonstrated to exist in the 
residents of high altitudes. Rotta,* and 
Rotta and others, working in Morococha 
have found, by means of right heart cathe- 
terization, a moderate but definite and uni- 
form increase of the pressure in the pul- 
monary artery, this being more marked in 
healthy Indian natives compared with men 
originally from sea level and after one year 
of exposure. The administration of oxygen, 
for periods up to 20 minutes, did not 
modify the recorded pressures. There is 
electrocardiographic evidence of the influ- 
ence of this increased pulmonary pressure 
on the right heart.*® ™ 

The etiological mechanisms concerned 
with the pulmonary hypertension of high 
altitudes cannot be determined with cer- 
tainty at the present time. This is not sur- 
prising if we take into account that a clear 
understanding of the pathological physiol- 
ogy of the same condition at sea level is not 
available yet. Some of the factors which 
have been incriminated in this connection 
are constantly present at high altitudes. 
Anoxia is perhaps the most important. Since 
the observations of von Euler and Liljest- 
rand,'* and of Cournand,** it has been con- 
firmed by many other investigators that 
oxygen deficiency has a constricting effect 
on the pulmonary vascular bed. Hyper- 
volemia, or an increase in the circulating 
blood volume, is another characteristic of 
life at high altitudes® and may have impor- 
tance in this respect. On the other hand, we 
have abundant evidence that the cardiac 
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output is not increased in the native resi- 
dents, in contrast with what occurs in new- 
comers during the early part of exposure. 
Campos and Iglesias,* in a preliminary 
study of human autopsy material collected 
at high altitudes have observed a thickening 
of the alveolar walls and an increase in the 
size of the alveoli in the lungs. This last ob- 
servation is possibly reiated to our finding 
of a moderate increase in the residual air 
volume in men living in high places.’® It 
remains to be determined the relative im- 
portance of these various factors in the pro- 
duction of pulmonary hypertension at high 


altitudes. A clinical condition specifically re- . 


lated to chronic exposure to a low oxygen 
tension is the so-called Chronic Mountain 


Sickness or Monge’s disease. In 1928, 
> 


Monge*® pointed out that an accentuation 
of the polycythemia commonly found in resi- 
dents at high altitudes constitutes a main al- 
teration among the various disorders which 
characterize the loss of tolerance to this 
environment. In later publications, the same 
investigator,’” ** 1% 2° has described the 
symptomatology which is associated with 
the hematological alteration. The symptoms 
are chiefly nervous in character: headache, 
dizziness, tired feeling, pain in the extremi- 
ties, changes in sensitivity and motor ability, 
together with dyspnea, cough, palpitation, 
gastric distress, etc. In 1942 we?" reported 
some observations in eight of these cases. 
We have had recently the opportunity to 
study with a greater detail and in collabora- 


22 


tion with our associates,* some of the phys- 
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Fic. 1. Arterial oxygen saturation (% HbOs) in 11 cases of Chronic Mountain Sickness studied at 
different altitudes. The curve corresponds to the mean % HbO, in healthy residents. 
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iopathological aspects of this condition. 
These investigations were also carried out 
in Morococha, at 4,540 meters (14,900 feet) 
of altitude. The brief discussion which fol- 
lows is based mainly on these recent ob- 
servations. All the cases, as well as the 
previous ones studied by us, were Indian 
natives, born at high altitudes and of an age 
ranging between 24 and 44 years, and in 
whom the history did not include exposure 
to inhalation of harmful dusts in the mines.* 

The man suffering from Chronic Moun- 
tain Sickness has a definite appearance of 
vascular congestion and cyanosis. The de- 
termination of the arterial oxygen satura- 
tion reveals that its degree is below the level 
which corresponds to the altitude at which 
the patient lives (Figure 1). The poly- 
cythemia is abnormally accentuated. In 3 
cases, recently investigated, the blood hemo- 
globin was 25.33, 25.42 and 26.36 grams per 
100 cc., and the hematocrit (RBC%) : 79.0, 


* The differential diagnosis with Pneumoconiosis, 
an industrial disease prevalent in the mining areas 
of the Peruvian Andes, constitutes an important 
consideration in apparent cases of Chronic Moun- 
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Fic. 2. Total blood volumes (determined with 
Evan’s Blue) in 3 cases of Chronic Mountain 
Sickness studied in Morococha (at 14,900 feet of 
altitude). For comparative purposes the mean 


values observed in healthy residents of Lima (at’ 


sea level) and in Morococha are also represented. 


(White area = plasma volume; black area = 
cell volume; crossed area = hemoglobin). 
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VENTILATION (L/M/Met) BIT-PS. 
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Fic. 3. Ventilation (lit/min/m*), BTPS at rest 
and during physical activity in the healthy resident 
of Morococha (continuous line), at 14,900 feet, 
and in a case of Chronic Mountain Sickness (inter- 
rupted line), in the same locality. R and R’ = 
ventilation at rest. 

Exercise: on a treadmill, at 11% grade and at a 
speed of about 132 meters per minute. 


81.2 and 81.5%, in contrast with 20.76 
grams and 59.9% which are respectively, 
the mean values observed in healthy native 
residents of Morococha.** In Figure 2 one 
can appreciate the great increase in the cir- 
culating blood volume found in these cases, 
and which is characterized by high cell and 
decreased plasma volumes. Reynafarje** has 
observed a greater degree of hyperplasia 
and hyperactivity in the erythroid cells of 
bone marrow biopsies obtained in these 
cases, in comparison with the findings in 
healthy natives living at about the same level 
of altitude.** In both kinds of subjects, 
healthy and diseased, there were no altera- 
tions in the leukocytic series, a characteris- 
tic which is also observed in the peripheral 
blood. Merino”* reported in 1950, an ab- 
normally high “hemolytic index ratio: fecal 
urobilinogen X 100/total grams of hemo- 
globin in blood) in cases of Chronic Moun- 
tain Sickness. We have confirmed this ob- 
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servation in our recent studies. The values 
obtained in 2 cases for this index, were 23 
and 25, in comparison with the mean value 
of 14 which corresponds to healthy natives 
at this altitude. These data suggest an ab- 
normal acceleration in the rate of red cell 
destruction in this condition. 

The investigation of the respiratory func- 
tion has yielded interesting results. The 
most significant one is the presence of a 
relative hypoventilation at rest and during 
exercise (Figure 3). We call it relative be- 
cause the degree of ventilation is about the 
same as at sea level under similar circum- 
stances, but definitely lower than in the 
healthy native living at the same altitude. 
This hypoventilation is responsible for a 
lowering of the pO, and an elevation of the 
pCO, in the alveolar air (Figures 4 and 5) 
and a decrease in the pHs of the arterial 
blood, the latter as a consequence of the 
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respiratory acidosis brought about by the 
high tension of the CO, (Figure 6). These 
findings lead us to the study of the response 
of the respiratory center to the administra- 
tion of CO, and O, (Figures 7, 8 and 9), 
As it may be appreciated in these figures the 
Chronic Mountain Sickness case shows a 
lower and somewhat irregular ventilatory 
response to the increase of pCO, in the 
alveolar air (which may be accepted as 
representing a similar condition in the ar- 
terial blood). This limited response is more 
marked when oxygen is added to the in- 
haled mixture and less pronounced when the 
percentage of this gas is lowered simultane- 
ously. The decreased sensitivity of the 
respiratory center to CO. was further cor- 
roborated by the use of the breath holding 
test (Figure 10). The patient in contrast 
with the healthy native, shows a very pro- 
longed time tolerance to the apnea and at 
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Fic. 4. Oxygen—Carbon Dioxide Diagram of Rahn-Fenn. Position of the mean resting alveolar gas 
pressures, and the corresponding values in R.Q. and Va (relative alveolar ventilation) in healthy native 
residents of Morococha (solid point and continuous line) and in cases of Chronic Mountain Sickness 
(circle and interrupted line). The R.Q. and the iso-ventilation lines have been constructed from the 
alveolar air and the alveolar ventilation equations.” 
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Fic. 5. Alveolar pO2 and pCO: variations at rest and during exercise in healthy native residents of 
Morococha at 14,900 feet (curve represents mean value of 10 observations) and in a case of Chronic Moun- 
= 15’ of exer.; 


tain Sickness in the same locality. (R = resting; 1 = at 3’ of exer.; 2 = at 10’ of exer.; 
4 = at end of exer.; 5 = at 3’ of recovery; 6 = at 10’ of recovery; 7 = at 15’ of recovery). 


the breaking point the alveolar pO, and 
pCO, have much lower and higher values, 
respectively. 

Other respiratory studies included the in- 
vestigation of the oxygen A—A gradient by 
taking simultaneous samples of alveolar air 
and arterial blood, in both of which the pO, 
was determined; of the total lung volume 
and of its fractions, vital capacity and 
residual air, and of the maximum breathing 11). 
capacity. All these investigations gave re- 
sults similar to those found in the healthy 
native. There was no decrease in the per- 
meability of the alveolar membrane for the 
diffusion of oxygen as shown by the non- 








there were no alterations 
mechanical aspects of the respiratory func- 
tion represented by the tests employed. In 
all cases the radiograph of the chest showed 
a marked increase in the hilar shadows and 


significant difference in the tension of this 
gas on both sides of the membrane, and 
either 


in the lungs’ markings, with a general reduc- 
tion in the degree of transparency (Figure 


Circulatory studies revealed in all our 
cases electrocardiographic alterations cor- 
responding to a condition of Cor Pulmon- 
ale. Determination of the cardiac output by 
the direct Frick method (right heart cathe- 
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Fic. 6. Position of the Acid-base balance of the 
arterial blood in the tri-axial coordinates diagram 
of Shock-Hastings. Solid point represents the mean 
value obtained in healthy native residents of 
Morococha at 14,900 feet. Open circles correspond 
to cases of Chronic Mountain Sickness studied in 
the same locality. 


terization) showed abnormally high figures 
in comparison with healthy natives. Rotta 
and others® found, in two cases, a degree 
of pulmonary hypertension much _ higher 
than the one observed in healthy natives. 
On the other hand, the systemic blood pres- 
sure was always very low. 

It is interesting to speculate briefly on the 
etiological factors which may play a role in 
the development of this syndrome and in 
the characteristics of its pathological phys- 
iology. In spite of the fact that there are 
no anatomical observations available we 
were inclined to believe, for a long time, 
that pulmonary changes of the nature of 
fibrosis and vascular sclerosis were respon- 
sible for the increased degree of anoxia 
observed in these cases and the consequent 
loss of adaptation to the low pressure en- 
vironment. We based this opinion in the 
analogy of the symptoms and the clinical 
picture to those found in that rather diffuse 
and ample field of pulmonary pathology ; in 
the characteristics of the lung radiographs 
and in the experimental evidence that chronic 
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anoxia may lead to anatomical changes in 
the pulmonary vascular bed.** *° In addition, 
we considered the high incidence of respira- 
tory infections in high altitudes places as a 
factor contributing to the development of 
permanent changes in the lungs. However, 
the finding of a normal pressure gradient of 
oxygen between alveolar air and arterial 
blood rules such pathogenic concept, at least 
in the recent cases studied by us. 

It is worth mentioning that there is a 
similarity in some of the alterations present 
in Chronic Mountain Sickness with those 
observed in Pulmonary Emphysema. It is 
well known that in this disease there is an 
increased pCO, in the arterial blood and the 


respiratory center loses, in part, its response, 


to this chemical stimulus shifting to the in- 
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Fic. 7. Relationship between ventilation and 
alveolar pCO. during a 15 minute period of CO, 
breathing. The continuous line represents the mean 
curve observed in 18 healthy native residents of 
Morococha, at 14,900 feet, and the interrupted line a 
case of Chronic Mountain Sickness. Inspired 
CO: = + 8.3%. 

Points R and R’ correspond to resting ventilation 
breathing air; other points were determined at 3 
minute intervals after the addition of COs. The 
alveolar air was continuously collected by means 
of the method described by Rahn and others™ and 
analyzed with a Cambridge CO.-analyzer. 
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fluence of the pO., thus making harmful, 
and at times even disastrous, the adminis- 
tration of oxygen for therapeutic purposes.** 
We have seen in one of our cases the marked 
inhibition of the ventilation when this gas 
was inhaled. But here again, we must re- 
member that the hypoventilation in Pulmo- 
nary Emphysema is the result of mechanical 
factors related to the loss of elasticity of the 
lung tissue and we have observed in the al- 
titude sickness a normal lung volume and 
maximum breathing capacity, which is radi- 
cally different to what is found in emphy- 
scmatous patients. 

To explain the pathological physiology of 
this condition it would seem logical to start 
with a respiratory center of decreased sen- 
sitivity and a resulting hypoventilation. The 
significance of this alteration is based on the 
fact that hyperventilation is one of the most 
important adaptative mechanisms for high al- 
titude acclimatization because it results in a 
compensatory elevation of the oxygen ten- 
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Fic. 8. Same as Figure 7 but breathing a mix- 
ture of O. = 17.0% and CO: = 8.3%. R and R’ 
represent the resting ventilation during 10 minutes 
breathing only the low oxygen mixture. Other 
points correspond to the period (15 minutes) when 
the CO, was added. 
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Fic. 9. Same as Figure 7 but breathing a mixture 
of O: = 35.0% and CO. = 8.3%. R and R’ repre- 
sent the resting ventilation during 10 minutes 
breathing only the high O: mixture. Other points 
correspond to the period (15 minutes) when CO: 
was added. 


sion in the alveolar air, otherwise decreased 
by the low barometric pressure. Its absence 
at about 15,000 feet means a considerable 
reduction in the degree of arterial oxygen 
saturation due to the fact that at this altitude 
the descending part of the oxygen dissocia- 
tion curve is operating and any slight reduc- 
tion in the tension of this gas is associated 
with a marked decrease in the volume taken 
up by the blood hemoglobin. Following this 
line of thinking we could assume that the 
abnormal accentuation in the polycythemia, 
which is an important characteristic of this 
syndrome, is simply the result of the more 
intense anoxic stimulus. This hypothesis 
finds some evidence in our previous findings 
of a proportional correlation between the 
level of altitude, or in other words the de- 
gree of anoxia, and the intensity of the 
polycythemia.*" 

But this interpretation still leaves un- 
solved the problem of why the respiratory 
center lowers its sensitivity and fails to 
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Fic. 10. Variations in alveolar pO2 and pCOs, and the corresponding changes in arterial % HbO: and 
pHs, during voluntary apnea started after a full inspiration. Continuous line represent the mean value 
obtained in the study of 20 healthy native residents of Morococha, at 14,900 feet, and the interrupted line 
the findings in a case of Chronic Mountain Sickness investigated at the same altitude. Points A and A’ 
correspond to resting values before the apnea period and B and B’ to the breaking points. The % HbO, 
and the pHs isopleths, in this Rahn-Fenn diagram, have been constructed by us utilizing our data on O; 


and CO, dissociation curves in healthy natives resident of Morococha. 


respond to the anoxic stimulus with a com- 
pensatory increase in ventilation. The prob- 
lem is greatly complicated by the fact that 
today in spite of an enormous amount of re- 
search and the formulation of many theories, 
we still do not know the precise interrela- 
tion of the chemical factors which control 
respiration even in healthy people at sea 
level. It is not unlikely that chemical or func- 
tional changes in the cells which constitute 
the respiratory center may be the responsible 
factors for the abnormal degree of sensitivity 
at high altitudes. If it is demonstrated, as we 
believe it will, that acclimatization is based 
largely on adaptive mechanisms present in 
the tissues, one can assume that its loss may 





be caused, at least in some cases, by dis- 
turbances in the chemical or enzymatic proc- 
esses within the cells. It is known that of 
all of the tissues the nervous is the most 
sensitive to oxygen deficiency and it is in- 
teresting in this respect that most of the 
symptoms in Chronic Mountain Sickness in- 
dicate neurological disturbances. 

However, we cannot rule out the possibility 
that the chain of events are initiated at 
another point. We may, also think that’ the 
primary alteration is related to an abnor- 
mally accentuated erythropoietic response to 
the anoxia present at high altitudes and that 
this abnormal response depends in turn on 
an increased concentration of the so-called 
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humoral factor which seems to regulate 
erythropoiesis. Increasing evidence is being 
accumulated on the possible normal existence 
of such factor, originally suspected by Car- 
not and Deflandre** in 1906, but left without 
any consideration by investigators for almost 
half a century, until the recent observations 
of Grant,?* Reissmann,** Erlslev®®> and 
others. Merino, in our department, is now 
investigating this point in relation to the 
polycythemia of high altitudes. We have also 
seen that these cases of Chronic Mountain 
Sickness show an accelerated rate of red 
cell destruction and this may also constitute 
an additional abnormal stimulus for erythro- 
poiesis. 

If the primary etiological factor is associ- 
ated with the hematological disorder, one 
could argue that the alterations in the func- 
tion of the respiratory center depend on 
circulatory disturbances brought about by a 
congested vascular bed and the slowness of 
the circulation on account of the very high 
blood viscosity. Schwiegk and Betzein*® have 
observed a decreased response of the respira- 
tory center to COz inhalation in cases of 
cardiac insufficiency. 

In summary, it is evident that at the pres- 
ent time we cannot understand the precise 
interrelation and sequence of all the factors 
in the pathogenesis of Chronic Mountain 
Sickness. The rather high degree of pul- 
monary hypertension found in these cases, 
is possibly related to the marked hyper- 
volemia and more intense anoxia existing in 
these patients, plus the aggravating factor, 
not present in healthy natives, of an increase 
in the cardiac output. 

The matter of the possible influence of a 
constant anoxia on the incidence and evo- 
lution of certain diseases offers a great deal 
of interest but it has not been practically in- 
vestigated yet. The data we are offering re- 
lates only to a general impression on the 
subject and in very restricted aspects. 

Hypertension is a rare condition at high 
altitudes. From a total of 2,206 patients 
hospitalized in the Chulec Hospital, a well 
equipped and organized institution in Oraya, 
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Fic. 11. Radiograph of the chest in a case of 
Chronic Mountain Sickness studied in Morococha, 
at 14,900 feet of altitude. 


at an altitude of 3,730 meters (12,230 feet), 
only 2, or about 0.1% were cases of hyper- 
tension. According to the National Census 
of 1,940 the area in which this Hospital is 
located has a total population of 31,330, of 
which 16,609 or 53% are individuals of 
white or mixed race and 2,080 or 6.6% have 
50 or more years of age. In this connection 
it is significant to indicate that the average 
blood pressure observed among healthy high 
altitude residents is below the accepted nor- 
mal standard for sea level, and in our studies 
of physical activity in the high environment 
we have found a very low increase under 
the influence of such stress. An important 
factor in this connection may be a decreased 
peripheral due to the greater 
vascularity and dilatation of the vascular bed. 
The very low incidence of high blood pres- 
sure at high altitudes raises interesting ques- 
tions regarding the frequency of vascular 
sclerotic processes in this environment. In- 
cidently, we may point out in this connection 
that in a few observations we have not found 
any significant difference in the level of 


resistance 








total blood cholesterol at the two altitudes. 

Coronary thrombosis and myocardial in- 
farct are also of very rare occurrence. In 
our 25 years of experience at high altitudes 
we have not observed any case and there 
are very few on record at the hospital pre- 
viously mentioned. Here again, we may pre- 
sume the existence at high altitudes of a 
greater collateral circulation in the coronary 
system of the heart. In regards to cardiac 
pathology it is interesting to mention the 
observations of Alzamora and others*’ that 
a high altitude environment apparently in- 
fluence the persistence of ductus arteriosus, 
a congenital heart condition. They arrived 
to this opinion after the study of a con- 
siderable number of cases in which informa- 
tion was obtained regarding the place of 
birth and the time of residence in high lo- 
calities. 

In 1937, we*® Pul- 
monary Edema in a native of the altitude 
returning to the high environment after a 
short visit to sea level. Recently, Lizarraga*® 


described a case of 


has observed 14 similar cases. All of them 
were either individuals born at high altitudes 
or who had been living for a prolonged time 
in this environment, with no history of pre- 
vious cardiac or respiratory symptomatology, 
and who presented a typical picture of pul- 
monary edema within the first few hours 
after returning to their place of residency 
following a relatively short visit to sea level. 
These clinical characteristics give peculiar 
aspects to the pathological physiology of the 
syndrome. The cases reported were subjects 
who possibly had a moderate degree of pul- 
monary hypertension associated with hyper- 
volemia and anoxia, while living at high al- 
titudes. Descending to sea level, the last 
characteristics disappeared but they returned 
to their habitual place of residency with still 
a high degree of polycythemia to be subject 
again, rather acutely, to the anoxic condition. 
A detailed investigation of these cases in the 
future may throw some valuable data on 
the pathogenic mechanisms of Pulmonary 
Edema, an alteration not well understood 
from these points of view even when it 
occurs at sea level. 
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Years ago, in collaboration with Crane*® 
we pointed out an apparently elevated in- 
cidence of peptic ulcer in high altitude res- 
idents. This is especially interesting on ac- 
count of the frequent finding of hypo and 
anachlorhydria in these high localities,*? and 
in view of the reports indicating the frequent 
association of this gastric lesion and poly- 
cythemia at sea level.*® ** ** Cholecystitis 
seems to be also a frequent alteration among 
high altitude residents. Certain 
malignant processes like leukemia, have a 


types of 


very low incidence and medical practitioners 
in the Peruvian Andean region have the 
general impression that some types of can- 
cer are rather uncommon. However, a care- 
ful statistical study is required before a con- 
clusion is reached in this respect. 

There are also some interesting aspects 
related to clinical and therapeutic problems. 
Surgeons working in high altitude hospitals 
have an almost unanimous comment on the 
high incidence of keloid formation after 
surgical interventions. The serious compli- 
cation of post-operative hemorrhage, of fre- 
quent occurrence, is largely avoided by a 
substantial bleeding before the operation 
indicating that mechanical factors of vas- 
cular engorgement, and not chemical changes 
related to the clotting process, are the prob- 
able etiological factors in this complication. 
The administration of anesthesia requires 
special skill and certain drugs, like the sulfa 
group seem to have a reduced safety thresh- 
old in dosage. We could go on mentioning 
numerous other high altitude problems re- 
lated to clinical and pathological aspects, but 
research concerned with the influence of a 
low pressure environment have been carried 
out almost exclusively in relation to the 
physiological aspects of adaptation and ac- 
climatization. However, we believe that there 
is also a valuable and fertile field of investi- 
gation in relation to clinical pathology and 
that this study has value, not only from the 
restricted point of view of life at high al- 
titudes, but also for the better understanding 
of similar processes observed at sea level. 
One example may be given in this connec- 
tion. The etiology of Polycythemia Vera, a 
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disease not infrequent in the everyday clinic, 
is not known yet and among the many 
theories advanced to explain it there are some 
which presume the existence of an anoxic 
factor responsible for the abnormal hemato- 
poiesis. But the observations carried out at 
high altitudes seem to indicate that anoxia, 
either directly or through the mediation of a 
humoral factor, exerts a stimulating action 
restricted to erythropoiesis, leaving leuko- 
genesis undisturbed. This fact makes un- 
likely the possibility that oxygen deficiency 
plays an etiological role in Polycythemia 


Vera, a disease in which it is frequent to 


observe alterations in both the red and the 
white blood cells. 

I must apologize for having discussed a 
subject in which anatomical observations are 
practically not available. My only excuse for 
doing so is that in the promotion of research, 
a comment on the lack of knowledge may be, 
at times, as stimulating as the discussion of 
observed facts. The investigation at high 
altitudes of the influence of a constant anoxia 
on an otherwise healthy individual, and on 
the illnesses he may develop, awaits the 
valuable contribution of the pathologist. It 
is evident that the study of function alone 
cannot give the complete picture of acclimati- 
zation and its eventual loss. 
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Pathology of Decompression Sickness 





A Comparison of the Lesions in Airmen with those in 
Caisson Workers and Divers* 


By 


Wess HayMAKeErR, M.D.,¢ aNpD Austin D. JoHNstoN, M.D.t 


(With sixteen illustrations) 


N A CONSIDERATION of the etiol- 
ogy of decompression sickness, Captain 
Behnke’ has just drawn some close 
parallels in the decompression sickness oc- 


curring in divers and that occurring in air- . 


men. We should like to continue this com- 
parison from the pathological standpoint. 
In evaluating the pathological changes in 
these two forms of decompression sickness, 
it is well to keep in mind Captain Behnke’s 
figures on the quantity of gases which must 
be released at the tissue level and the quan- 
tity of nitrogen in these gases. For a 70-kilo- 
gram individual who has spent 30 minutes at 
5 atmospheres pressure (132 ft.), approxi- 
mately 2,880 cc. must be released at the tis- 
sue level during decompression to 1 atmos- 


phere. The same figure holds for a 
70-kilogram individual who is decompressed 
from 1 atmosphere to 1/5 atmosphere 


(38,500 ft.; 11,700 m.) over a 30-minute 
period. On the other hand, the amount of 
nitrogen in the gas at the tissue level under 
these conditions differs, the amount in the 
diver on reaching surface being about 2 
liters, and the amount in the airman on 
reaching 1/5 atmosphere being about J liter. 


EMBOLISM AND Its RELATION 
TO CIRCULATORY COLLAPSE 


Fat 


Let us turn first to the occurrence of fat 
embolism in decompression sickness. As far 
as we are aware, no one has previously 
looked for fat emboli in decompression to 
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altitude or in diver’s sickness or caisson 
We have done fat stains on 9 
cases of decompression to altitude which 
terminated fatally, in all of which there were 
the visceral changes characteristic of those 
seen in profound shock.**-** Fat emboli were 
found in vessels of the lungs in 6 of the 9. 
Making use of the same numbering of cases 
as in a Table which is in press,”® the 
emboli were fairly numerous in the lungs in 
3 (Cases 2, 5 and 12) and relatively few 
in the other 3 (Cases 1, 4 and 6) (Figs. 1A 
and 1B). In 2 other cases (Cases 3 and 7), 
occasional small fat emboli were seen in the 
brain, and in the last of the 9 there were 
a few small fat emboli in an intrarenal 
artery (Case 11). The brain contained sparse 
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sickness. 
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fat emboli in 3 of the cases (Cases 3, 7 and 
12) (Figs. 1C—1F). In the 3 or 4 cases in 
which lipemia was looked for soon after 
autopsy, it was found positive, but sub- 
sequently was no longer impressive. 
Turning to decompression from increased 
pressures, we have had the oportunity of 
examining 3 cases in which death occurred 
in the course of diving. In Case 13 (AFIP 
Acc. 150191), the subject (180 lb.; 5/0”) 
dived to a depth of 202 ft. (72 m.) and after 
an undetermined period of time was brought 
up in a “routine manner,” but soon lost con- 
sciousness. He was recompressed several 
times only to die about 6 hours after the 
onset of the symptoms. Innumerable gas 
bubbles were present in the tissues and in 
veins. In the lung there were fat emboli in 
5 of the 6 sections studied (Fig. 2). There 
were as many as 10 or 12 small fat emboli 
to the average-sized section on a 3” X 1” 
slide. Sections of kidney were negative ex- 
cept for tiny fat emboli in one glomerulus. 
In Case 14 (AFIP Acc. 164136), the sub- 
ject (165 1lb.; 510”), equipped with a 
shallow diving outfit (face mask and hose), 
had been at a depth of 54 ft. (16.6 m.) under 
a pressure of 26 pounds for an undetermined 
period of time. He responded to signal, but 
10 minutes subsequently, on being brought to 
the surface he was unconscious. He died a 
few minutes later. The tissues and blood 
stream were filled with bubbles. The lungs 
failed to show any fat emboli. This may have 
been a case of decompression sickness com- 
plicated by air embolism. In Case 15 (AFIP 
Acc. 658690) the subject (183 Ib.; 6’ 0”) 
was submerged for an unknown period of 
time to a depth of 100 ft. (30 m.) in a lock 
used for submarine escape training. On de- 
compression to 90 ft. he became restless. At 
40 ft. he released a large amount of air and 
his body suddenly stiffened. At 25 ft. he was 
given assistance, and on reaching 18 ft. he 
was unconscious. Some 10 minutes later he 
had been recompressed to 165 ft. (50 m.). No 
improvement occurred. There was general- 
ized rigidity, involuntary defecation, rapid 
labored respiration (38 per min.), and fixa- 
tion of the eyes upward and slightly to the 








left. The blood pressure was unobtainable. 
Death occurred 4% hours after onset of 
symptoms. About 1% hours later, subcutane- 
ous emphysema was noted. Rather numerous 
gas bubbles were found in the heart and aorta 
and a few in cerebral vessels. There were 
focal areas of emphysema and hemorrhage in 
the lungs. No fat emboli were demonstrated. 
This appears to have been a case of air em- 
bolism. 

In summary, then, fat emboli were found 
in all cases of decompression to altitude and 
in 1 of the 3 cases in which death occurred as 
the result of a diving operation. In the case 
referred to (Case 13) the fat emboli were far 
more numerous than in any of the cases of 
decompression to altitude. In Case 14 one 
might conclude that death occurred much too 
rapidly for fat emboli to appear. In Case 15 
the autopsy was not performed under water 
and thus it may well be that the gas bubbles 
found were introduced post mortem. More- 
over, the diver made the ascent under con- 
trolled conditions in a training lock and de- 
compression sickness as the cause of death 
seems, therefore, highly unlikely. The inci- 
dent at 40 ft., in which the diver released a 
large amount of air and then stiffened, seems 
ample evidence that air embolism was the 
cause of the accident. If this reasoning is cor- 
rect, fat embolism would not be expected. 

It may be added that no fat emboli were 
found in an individual (AFIP Acc. 627596) 
(Case 16), who, equipped with a homemade 
diving apparatus, lost consciousness while in 
10 feet of water and survived 18 days. The 
cerebral white matter showed nothing of sig- 
nificance, but there were advanced laminar 
changes in the cerebral cortex characteristic 
of severe hypoxidosis. 

Virtually all of the subjects in these two 
series were obese or heavily built, which 
would predispose them to decompression 
sickness.® ?* 2% 28 Qur assumption was that 
the fat emboli were the outcome of rupture 
of fat cells secondary to gas-bubble forma- 
tion, with fat gaining, pari passu, the blood 
stream. Support for this assumption is rather 
meager. Thus, although in frozen-dried fat 
tissue of guinea pigs rapidly decompressed 











Se weaat =~ ST ee 
a RN ee 
See K AAS 

Em tS a RSS 


Fic. 1. Fat emboli. A and.B (Case 12; duration 6 hours). Emboli in lung in case of decompression sick- 
ness occurring in the course of a jet plane flight. C and D (Case 3; duration 17% hours) and E and F 
(Case 7; duration 1 day, 21 hours). Emboli in white matter of the brain in decompression chamber fatali- 
ties. Oiled red O stain. C and D from Haymaker and Davison.” 
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Fic. 2 (Case 13; duration 6 hours). Fat emboli 
in the lung in case of The fat 
embolization is regarded as severe. Oil red O stain. 
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diver’s sickness. 


from high-pressure atmospheres ruptured fat 
cells, ascribed to the formation of intracellu- 
lar gas bubbles, have been found,**** in 
parallel studies on rabbits decompressed 
to a simulated altitude of 45,000 ft. (13,700 
m.) (in 4 4.8 minutes) and 
autopsied at a simulated altitude of 30,000 
ft. (9,140 m.) (3 to 39 minutes later, after 
the animals had died or were sacrificed), no 
ruptured fat cells were found, but gas bub- 


seconds to 


bles were present intravascularly (in arteries, 
capillaries and veins) in fat tissue.** To our 
knowledge, fat emboli have not been seen as 
a feature of shock. The site of rupture of 
fat is a matter for speculation. Bone mar- 
row may be a site of predilection, for here 
there are sinusoids, with relatively rigid 
walls™* which, if ruptured by gas, would al- 
low continued egress of fat into the blood 
stream. Aspiration of fat globules through 
ruptured sinusoidal walls is possible, for a 
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negative pressure has been found in the bone 
marrow following the occurrence of bone 
marrow lesions.® ** * 

The presence of the fat emboli raises the 
question of their clinical significance. If one 
grants that fat has been delivered into the 
circulation, it follows that other products 
of cellular disintegration have reached the 
circulation. We refer to such substances as 
lipases, potassium ions, peptides, histamine- 
like substances, and proteolytic enzymes. 
This might mean that, as in fat embolism due 
to any other cause, cellular constituents in 
the circulating blood stream act on vessel 
walls causing a pooling of blood and, as a 
consequence, circulatory collapse. As far as 
we are aware there are no data in direct 
support of this view. Our hypothesis corre- 
sponds in a measure with that of Masland,* 
who concluded that, “the occurrence of .. . 
severe shock states after decompression sick- 
ness is probably indicative of widespread 
tissue damage [and] the frequent occurrence 
of the neurologic syndrome in the subjects 
with shock suggests that the cerebral vas- 
cular tree is particularly susceptible to these 
products of cell damage.” A similar view has 
been expressed by Ferris, Engel and 
Romano” with reference to decompression 
to altitude, and by Gerbis and Koenig*® in 
from in- 


with decompression 


creased atmospheric pressure. Masland and 


connection 


Ferris and his associates minimized the im- 
portance of nitrogen bubble embolization in 
the causation of decompression sickness in 
ascent to altitude. 

Behnke*®* has taken the opposite view, 
namely that circulatory collapse, when it 
occurs, is attributable entirely to the effects 
of nitrogen-bubble embolization. According 
to him,® intravascular bubbles in the pul- 
monary circuit should provide a recurrent 


stimulus for reflex change by alternate 
augmentation and diminution of volume 
with respiratory excursion. The  conse- 


quences would be expected to include limita- 
tion of deep inspiration and tachypnea, both 
observed clinically in our cases of decompres- 
sion to altitude. “The degree of tachypnea 
is of such magnitude as to indicate that reflex 
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stimuli arising from the mechanical action 
of gas bubbles in pulmonary vessels plays 
a more important role than anoxia.” One 
crux of Behnke’s argument is that serious 
decompression sickness in divers may 
readily be reversed by recompression. This 
observation does not necessarily rule out the 
proposed shock-provoking effect of circulat- 
ing tissue products, for death from shock 
may occur despite apparently adequate re- 
compression, and furthermore, the shock 
may be of such a degree as to be reversible 
during life-saving recompression. 

Our observation of fat emboli seems to 
provide a meeting point of these two views. 
We believe that circulating tissue con- 
stituents and nitrogen bubble emboli both 
contribute to the clinical picture of decom- 


pression sickness, 
LESIONS IN THE BRAIN 


This brings us to the second aspect of the 
discussion, namely the presence of lesions 
in the brain in decompression sickness. 


Altitude Chamber Cases 
Altogether 7 fatal cases of decompres- 
sion sickness resulting from decompression 
to 30,000 to 40,000 ft. (9,140-12,200 m.) 
have reached the Armed Forces Institute of 
Pathology. In one (Case 6) the brain was 
in a state of putrefaction and thus could not 
be studied, but the clinical history was satis- 
factory. The duration of illness from the time 
symptoms developed at “altitude” was 8% 
hours to 3 days and 10 hours (Cases 1- 
7).1?%% Tn 5 of these there were pareses 
or paralyses attributable to damage of the 
central nervous system (Cases 3-7). 

In Cases 1 through 5 the cerebral cortex 
was found consistently spared except at the 
base of sulci, where forcal ischemic nerve 
cell changes were seen, especially in lamina 
III. Basal nuclei were also unaffected. By 
way of contrast, Sommer’s sector of the hip- 
pocampus was damaged in all these cases, 
with nerve cell loss and gliosis increasing 
with time. 

Changes in the white matter were ob- 
served, but their severity varied from case 
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to case. In Case 1 (duration, 8 hr.) spotty 
perivascular edema and a few perivascular 
petechiae were observed in the subcortical 
white matter, and in Cases 2 and 4 (dura- 
tion, 17 hr. and 2 days and 7% hr.) much 
of the same was noted, but in some of the 
edematous foci myelin damage was discern- 
ible. In Cases 3 and 5 (17% hr. and 3 days 
and 10 hr.) there was widespread and se- 
vere perivascular edema and demyelination, 
with individual foci in some regions being 
confluent. It is of interest that in the case 
in which the severest change was found 
(Fig. 3) the spinal cord showed changes 
attributable to nitrogen bubble emboliza- 
tion (Fig. 11). In none of these cases 
were there significant changes in axis cylin- 
ders. 

Discussion. The pathological picture is 
that of (1) sparing of nerve cells, except 
at the base of sulci and in Sommer’s sector 
of the hippocampus and (2) severe involve- 
ment of the white matter in 2 of the 3 cases 
in which survival was 17% hours or longer. 
In the production of the changes in the 
brain in these cases, three factors need to 
be taken into consideration: (1) hypoxia 
due to a fall in O, tension resulting from 





Fic. 3 (Case 3; duration 17% hours). Cere- 
brum in altitude chamber case. There is profound 
loss of myelin, chiefly perivascularly, and some 
of the individual foci have become confluent. The 
cerebral cortex was spared. Spielmeyer myelin stain. 
From Haymaker and Davison.” 
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circulatory collapse, (2) edema resulting 
from the fall in O, tension and (3) nitro- 
gen bubble embolization. 

In regard to hypoxia, it has been shown 
that when the O. tension of the venous 
blood from the brain falls below 19 mm. Hg, 
unconsciousness ensues, convulsive seizures 
often set in, decerebrate rigidity sometimes 
occurs, and respiration fails.** 5: #552 [f 
respiration continues and the fall of O, ten- 
sion in the brain is brief, a mere trickle of 
blood through the brain will prevent irre- 
versible functional changes, so that appar- 
ently complete functional recovery of the 
brain will ultimately occur.**:°® Whether ir- 
reversible changes take place in some nerve 
cells under such conditions is not known. In 
our cases no nerve cell damage was found in 
the cerebral cortex, except for minor changes 
at the base of sulci and severe changes in 
Sommer’s sector of the hippocampus. Both 
of these changes were doubtless due to a 
combination of two factors: (1) general fall 
in O, tension, and (2) local ischemia brought 
about by vascular compression secondary to 
gyral swelling—sulcal vessels on the one 
hand and the long, penetrating branches of 
the anterior choroidal artery on the other. 

The severe involvement of the white mat- 
ter is difficult to explain. Reduction in O, 
tension is well recognized as a significant 
factor in the production of edema of the 
white matter, and edema fluid reaching the 
white matter is known to have a destructive 
effect on myelin, more so when the fluid is 
rich in protein.**? Permeability and fragility 
of cerebral capillaries may be altered in the 
earliest stages of O. deficiency, as indicated 
by the observation that yatren passes the 
blood-brain barrier of mice in 2 minutes fol- 
lowing decompression to a simulated 26,300 
ft. (8,000 m.); if mice are exposed at this 
altitude until collapse ensues and then are 
immediately resuscitated, with the EEG 
rapidly returning to normal, the yatren con- 
tinues to escape through the barrier for as 
long as 3 days.*® 

In our cases the changes in the white mat- 
ter seemed too severe to be accounted for 
entirely on the basis of the infiltration of 
edema fluid into the white matter incident 





to lowered O, tension from shock. Since 
nitrogen bubbles have been seen to reach 
the brain in decompression from increased 
atmospheric pressures,” it is natural to con- 
clude that the same would apply to decom- 
pression to altitude, though the quantity of 
bubbles would be less. In venous air embo- 
lism, there is substantial evidence in experi- 
mental animals that bubbles reach the 
brain,’® 18°43 and under such conditions, 
cerebral lesions have been found.** In man 
there is anatomical! evidence of arteriovenous 
anastomoses in the lung,**®* and thus it may 
be assumed that nitrogen bubbles are capable 
of passing the pulmonary filter. 

In our cases, nitrogen bubble emboli, by 
coming to a halt in precapillaries of the 
white matter, could have induced perivascu- 
lar ischemia locally through embolization 
and generally through vasospastic phenom- 
ena,°’ and thus have been a contributing 
factor in the production of the early severe 
myelin change. The emboli would necessar- 
ily have to be tiny, and their total volume 
comparatively small, not to have occluded 
the larger penetrating cortical arteries. In 
this connection, Swank and Hain® have 
shown that tiny paraffin emboli may induce 
lesions exclusively in the white matter, and 
larger ones predominantly in the cerebral 
cortex. That nitrogen bubble embolization 
may well be a contributing factor in the 
production of the severe ischemia is sup- 
ported in one case at least (Case 3), in 
which there were changes in the spinal cord 
which could only have been due to nitrogen 
bubble embolization. Moreover, in air em- 
bolism of the brain, edema of the white mat- 
ter, secondary, presumably, to ischemia, has 
been observed.** *® 

Case 7 (AFIP Acc. 293075). This case 
proved an exception from the pathological 
standpoint and thus is considered separately. 
It concerned a 33-year-old moderately obese 
individual who died 1 day and 21 hours after 
the onset of symptoms. The illness was 
characterized by progressive shock, paresis 
of the left arm and leg and right side of the 
face, and a bilaterally positive Babinski re- 
flex. On pathological examination, many 
large focal lesions were found in the cere- 
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bral cortex, sometimes extending into the 
white matter—identical with those in the 
two jet plane cases (Cases 11 and 12)—de- 
scribed later in the text. As in these 2 cases 
the cerebral cortex outside the confines of 
the large ischemic foci failed to show lam- 
inar nerve cell change, and no alterations 
were found in Sommer’s sector of the hip- 
pocampus. Changes in the white matter were 
rather minor. No changes were found in the 
cerebellum. There was no remark in the 
autopsy protocol on the status of the fora- 
men ovale, but some 5 years later an indi- 
vidual who attended the autopsy stated that 
it was closed. 

The cerebral lesions, consisting of rela- 
tively large foci of severe ischemic change, 
were identical with those due to air em- 
bolism, as is brought out in the subsequent 
text. 


Fatal Decompression from Increased 
Atmospheric Pressure 
In divers and caisson workers who have 
been stricken with decompression sickness 
there has been clinical evidence of brain 
involvement in approximately 10 per cent of 
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cases,’° and yet it is a curious fact that in 
the century-long investigation of caisson 
sickness and diver’s sickness, very few 
changes have been noted in the brain. These 
have consisted chiefly of petechiae or larger 
hemorrhages in acutely fatal cases.*%™?* 
4#4,75,76 Tn one instance, that of a diver who 
survived rapid ascent only a few minutes 
after having been exposed to 1.3 to 1.4 at- 
mospheres for 15 hours, there were also 
plasma-laden foci with glial and nerve cell 
damage.*' Petechiae and ring hemorrhages 
and plasma infiltration have also been ob- 
served in a diver whose illness lasted 3 days 
and 11 hours after decompression (Fig. 4).** 

We have had the opportunity of examin- 
ing a few sections of brain in the 2 cases of 
diver’s sickness already referred to. In Case 
13, of 6 hours’ duration, in which autopsy 
was done 14 hours after death, nothing of 
significance was seen aside from perivascu- 
lar hemorrhages in the lateral part of the 
medulla oblongata. In Case 14, of only a 
few minutes’ duration, with autopsy being 
performed 5% hours after death, the white 
matter showed many small perivascular foci 
of edema with myelin damage (Fig. 5), and 
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Fic. 4. A. Petechiae and ring hemorrhages together with plasma infiltrate in the white matter near the 
caudate nucleus, in a diver who died 3 days and 13 hours after decompression. B and C. Spotty loss of 


myelin in upper thoracic level of the spinal cord, particularly in the posterior columns. From Lie.“ 














Fic. 5. (Case 14; duration, several minutes). Case 
of diver’s sickness. White matter, showing peri- 


vascular edema and myelin damage. Hematoxylin 
and eosin stain. 


here and there, clotted plasma was seen in 
perivascular spaces. It is possible that this 
case represents a combination of decompres- 
sion sickness and air embolism. In Case 15, 
of 4% hours’ duration, no changes were 
observed. 

Discussion. Behnke* has pointed out that 
in a dog which was compressed to 65 Ib. 
p.s.i. for a period of 1 hour and 45 minutes 
and then decompressed in 5 to 6 seconds, the 
O. saturation of the blood fell from 90 to 
24 per cent, and the arterial-venous differ- 
ence was five times normal, changes which 
he regarded as due to the obstructive effects 
of bubbles in the vascular bed and second- 
arily on cardiac function. In 2 cases of the 
3 (Cases 13 and 15) lesions in the brain 
could have been expected because of the 
length of the survival period (6 and 4% 
hrs.). In these cases O. tension in the cere- 
bral circulation must have been low, and yet 
no significant changes aside from slight peri- 
vascular edema were observed. This is con- 
sistent with the lack of significant change in 
the altitude-decompression-chamber cases of 
comparable duration. 


Fatal Decompression Sickness Complicated 
by Severe Hypoxia 


The changes thus: far described have been 


chiefly in the white matter, and these have 
been attributed to general reduction of O, 
tension in the cerebral blood stream plus 
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local ischemia due to nitrogen bubble em- 
bolization. The severity of changes and the 
differences in their distribution when severe 
hypoxia is an additional factor is brought 
out in a study (Case 15) by the late Dr. 
F. H. Lewey, of Philadelphia. 

Case 15 (AFIP Acc. 83172. This case 
concerned a 23-year-old decompression- 
chamber operator who, late in the night, 
sealed himself in a decompression chamber, 
set the gauge for “controlled ascent” to an 
altitude of 37,000 ft. (11,250 m.), removed 
his Oz mask at the end of the “flight,” and 
was found dead about 4 hours later. From 
the suicide note, describing his symptoms, it 
is gathered that after reaching altitude his 
“flight” lasted about 35 minutes. 

Autopsy was begun approximately 10 
hours post mortem. The body was 5’8” in 
length and weighed approximately 150 Ib. 
Changes in the viscera consisted of pete- 
chiae of the skin and subpericardium, hem- 
orrhages into the submucosa of the trachea, 
and partial bilateral atelectasis and passive 
congestion and edema of the lungs. The 
foramen ovale of the heart was closed. 

Examination of the brain disclosed clear- 
cut ischemic nerve cell changes in the exter- 
nal granular lamina (III) of the cortex and 
in the striatum (Fig. 6), and homogenous 
and ischemic changes in scattered Purkinje 
cells. Moreover, in laminae III and IV, scat- 
tered radial myelinated fibers showed bead- 
ing or were not visible, and there was dilata- 
tion of blood vessels with extravasation of 
erythrocytes and plasma, particularly at the 
base of sulci. The white matter was the seat 
of patchy perivascular edema, and_ there 
were scattered areas in which rather nu- 
merous sheaths had either disappeared or 
failed to take the stain (Figs. 6B and 6C). 
A Sudan stain revealed beginning frag- 
mentation of myelin. Sections of the cortex 
treated with benzidine indicated that in many 
gyri the blood supply of the external laminae 
was much impeded, whereas the deep cortical 
network of capillaries was comparatively 
well preserved ; moreover, in the cortex and 
adjoining white matter there were scattered 
wedge-shaped areas with greatly dilated ves- 
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Fic. 6 (Case 15). A. Putamen, showing ischemic nerve cell changes. Cresyl violet stain. B. White 
matter, showing focal sponginess of tissue. Cresyl violet stain. C. Patchy myelin loss, particularly around 
vessels. Some of the fibers are irregularly swollen and beaded. Spielmeyer myelin stain. 


sels (Fig. 7), identified as sites of red in- 
farcts. 

Discussion. The nerve cell changes in the 
cerebral cortex and striatum were consistent 
with the severity of the hypoxia, but the 
curious feature is that they should have oc- 
curred so rapidly. One can only surmise 
that changes initiated during life continued 
to take place after death of the individual. 
Changes in white matter are not a feature of 
uncomplicated fatal ‘hypoxia occurring 
acutely or after a lapse of as long as 21 days 
after sudden deprivation of Oz2,*%* and 





thus it would seem that the changes must be 
accounted for on the basis of additional 
factors. To our knowledge, in no previous 
case, regardless of the cause of death, has 
myelin change been observed in so short a 
time. It may well be that myelin was still 
present in the foci but not stainable. The im- 
portance of local ischemia due to nitrogen 
bubble embolization as a complicating factor 
is minimized by the fact that this was a 
“controlled ascent” and that the foramen 
ovale was not patent. The view that a con- 
tributing factor may be the presence of 
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Fic. 7. (Case 16). Reduction of blood in cortical 
laminae IV, V and VI (in boxed off area). In this 
region there is a wedge-shaped red infarct with 
great dilatation of vessels. Pickworth benzidine 
stain. 


proteolytic enzymes entering the white mat- 
ter in connection with the passage of fluid 
through the blood-brain barrier is attractive 
but has no basis in fact. 


Fatal Decompression Complicating 
Flights in Jet Planes 

There were 2 cases of the series in which 
death occurred as a consequence of decom- 
pression sickness developing during the 
course of jet plane flights.** Both individuals 
were passengers on these particular flights. 
Both were obese and both collapsed at alti- 
tude, one after 1% hours’ flight (Case 11) 
and the other after 134 hours (Case 12). 
Both cases were characterized by fulminat- 
ing circulatory collapse, with death ensuing 
in one in 11% hours (Case 11) and in the 
other in 6 hours (Case 12). Moreover, in 
both individuals there were signs of CNS 
damage, the one having a bilaterally posi- 
tive Babinski reflex (Case 11) and the other, 
left hemiparesis (Case 12). Fat emboli were 
found in both of these cases, in the kidney 
in one (Case 11) and in the lungs and brain 
in the other (Case 12). 

Of particular interest in both cases was 
the presence of patent foramen ovale. In 
one case (Case 11) the foramen was suffi- 
ciently large to admit the prosector’s little 
finger, and the heart was hypertrophied (625 
gm.). In the other (Case 12) the foramen 
had the form of a canal, 4 mm. high and 
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1.5 mm. wide, which traversed the inter- 
auricular septum tangentially, issuing on the 
right side into an opening 6 x 4 mm. in 
diameter, and on the left 16 x 4 mm.; in 
this instance the heart weight was normal 
(380 gm.). The patent foramen ovale is 
illustrated in another article.*® 

In these two cases there were many le- 
sions in all lobes of the cerebrum, consisting 
of large and small areas of early ischemic 
necrosis in the cortex and frequently in the 
contiguous subcortical white matter as well 
(Fig. 8A). Occasionally they were re- 
stricted to the white matter and then were of 
perivascular location. Some in the cortex 
were clearly wedge-shaped. Smaller areas of 
ischemic change in the cortex were perivas- 
cular in distribution, hence circular in 
cross section. The same types of lesion were 
common also in the cerebellar cortex (Fig. 
8B), and they were occasionally noted 
in the brain stem, including the medulla 
oblongata. In parts of the cerebral cortex 
outside the confines of the ischemic foci no 
laminar distribution of nerve cell change 
was observed, nor were any alterations de- 
tected in Sommer’s sector of the hippocam- 
pus. 

Discussion. In these cases, the perivascu- 
lar white matter lesions were rather small, 
which is consistent with the observations in 
the decompression-chamber cases of com- 
parable duration. As to the large ischemic 
foci in the brain, lesions of a highly similar 
nature have been found in the cerebral cor- 
tex of cats repeatedly exposed to hypoxia in 
a decompression chamber,? but in the cats 
the lesions were not as pronounced so soon 
after exposure as they were in our cases, 
and they were accompanied by laminar 
nerve cell changes, which was not true in 
our cases. 

As judged from the literature on the sub- 
ject, the ischemic foci in the 2 cases were 
indistinguishable from those caused by air 
emboli. Thus, in a man dying 7 hours after 
incurring arterial air embolism, Spielmeyer 
(cited by Neubiirger*’) found clear-cut foci 
in the cerebral cortex in which nerve and 
glial cells had undergone regressive changes 
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in association with infiltration of edema 
fluid and extravasation of erythrocytes. In 
the 7-hour case reported by Rossle**** there 
were similar lesions in the cerebral cortex 
and, in addition, pallor of the walls of pre- 
capillaries and capillaries of the cortex and 
white matter, and infiltration of plasma into 
perivascular spaces, particularly in the white 
matter. Foci of ischemic change like those 
in our cases have also been reported in ani- 
mals which died 4 days after arterial air 
embolism,®*? and in men succumbing in 21 
to 55 hours.’ #7»5%75 In one of these men 
a patent foramen ovale was found, and in 
this case there were regions of laminar nerve 
cell necrosis in the cortex as well as focal 


lesions.** 


Fic. 8. Ischemic foci in the brain in 2 jet-plane cases. A (Case 11; duration 11% hours). Large ischemic 
foci in cortex and contiguous white matter, some of which have fused to form a geographical pattern. 
Cortex outside of foci is free from change. Note sharp, spongy borders of foci. B (Case 12; duration 


6 hours). Ischemic foci in cerebellum, involving molecular and granular layers. Lillie myelin stain. 
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Thus, it seems apparent that we are deal- 
ing with multiple embolization of the brain 
by nitrogen bubbles. The key to the develop- 
ment of the large foci in the two cases 
(Cases 11 and 12) seems to be the presence 
of the patent ovale of the heart. It has been 
postulated that nitrogen bubbles reaching 
the right heart were transferred to the lungs, 
causing an increase in intrapulmonary ar- 
terial pressure, then back-pressure in the 
right heart, as a consequence of which bub- 
ble-laden blood was carried through the 
foramen ovale into the left heart and into 
the brain.*t Furthermore, some bubbles may 
have traversed the pulmonary filter for, as 
mentioned in the foregoing, there is ana- 
tomical evidence that arterio-venous shunts 
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exist in the human lung.*:* In the decom- 
pression chamber fatality (Case 7) referred 
to in the earlier part of the text, there were 
also large cortical lesions, as in the 2 jet 
plane cases. 


SPINAL CorD 


Spinal cord involvement in divers and 
caisson workers has been commonplace ;*° 
and in airmen, rare and transient.* ** * Also 
in experimental animals, spinal cord dam- 
age following decompression to altitude has 
been virtually negative, Trowell® having 
observed neither clinical nor histological evi- 
dence of spinal cord involvement in animals 
which had been rapidly decompressed to 
40,000 ft. (12,200 or 14,300 m.), and 
Smith* having reported paraplegia in only 
1 of the many dogs thus exposed. 

Captain Behnke® has remarked that “the 
manifestations of decompression sickness of 
the diver and aviator are identical with one 
major exception, chronic paralysis is singu- 
larly absent in altitude chamber exposures.” 
This exception no longer holds, however, 
for Dobeln and H6ok** have recently pub- 
lished a case of chronic quadriplegia follow- 
ing a “flight” in a decompression chamber. 
The case is reviewed in some detail because 
it demonstrates that the spinal cord can be 
the Achilles heel in decompression to alti- 
tude, as it often is in diver’s and caisson 
sickness. 

The subject was a 36-year-old moderately 
obese test pilot (5’9”; 173 lb.) who, on the 
day before the accident, had had slight “in- 
digestion” with fatigue and general ill feel- 
ing, but no vomiting or diarrhea. On the 
day of the chamber-run (Oct. 13, 1954) 
he felt entirely well. He participated in the 
decompression-chamber-run together with 
other test subjects and a flight surgeon. At 
a simulated altitude of 36,000 ft. (11,000 
m.) the patient complained of distension in 
the abdomen. The ascent was continued to 
39, 400 ft. (12,000 m.) and during the ascent 
the abdominal pain became worse. Shortly 
afterward, the patient experienced prickling, 
creeping feelings and a sensation of numb- 
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ness in the ulnar area of both hands, spread- 
ing down in the ring and little fingers. The 
test-run was interrupted and the chamber 
pressure was increased to that of ground 
level as fast as possible. During descent the 
patient had the sensation of a heavy weight 
in both arms, and when the test-run came 
to an end he complained of a sensation of 
numbness in both legs. During the following 
10 minutes a paralysis developed. The pa- 
tient was totally unable to move his legs and 
there was considerable loss of strength in 
both arms. He was taken to the central 
county hospital of Linkoping. 

During the following hours a state of 
moderate shock developed: he had an ash- 
gray complexion, peripheral coldness, and 
decreasing blood pressure (minimum value 
95/80 mm. Hg). He received infusions dur- 
ing which time the symptoms of shock de- 
creased, and within less than 24 hours the 
shock symptoms had completely disap- 
peared. There was flaccid paralysis of both 
legs, trunk, and that part of the musculature 
of the upper extremity which is innervated 
by the lower: cervical-cord segments. The 
paralysis was total in both legs and partial in 
the muscles of the abdomen and arms. At 
that time there was a dissociated decrease of 
sensibility with loss of the sense of pain and 
temperature up to and including the level of 
the 7th cervical-cord segment. Tendon re- 
flexes of the arms were active though the 
triceps reflex was very weak, the left patel- 
lar reflex was absent; other tendon-reflexes 
in legs were present, though weak. Abdom- 
inal reflexes were positive bilaterally. The 
pattern was thus largely the same as in the 
anterior spinal artery syndrome. 

On October 15 the patient was trans- 
ferred to the neurosurgical clinic. A gas 
myelography showed normal conditions. 
Spinal fluid examinations both at the hos- 
pital in Linkoping and at the neurosurgical 
clinic revealed no abnormalities. From the 
time of the accident there had been vesical 
and rectal paralysis. Catherization was nec- 
essary, and to prevent urinary infection, 
antibiotics were administered. From_ the 
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time of the accident the patient had a temp- 
erature of between 100 and 101° F, and 
only after 6 weeks did the temperature re- 
turn to normal. On October 21 he had signs 
of deep venous thrombosis for which anti- 
coagulants were administered. On October 
29 a pulmonary X-ray revealed minor par- 
enchymal hepatizations in the left base in- 
terpreted as pneumonic. On November 9 
another X-ray study revealed minor pleural 
effusion on the left side. On November 16 
a new thrombosis occurred in the left leg. 

About 2 days after the chamber accident 
a tendency of voluntary innervation in the 
left great toe was noted. Mobility slowly im- 
proved and in the middle of January, 1955, 
he was able to walk with the aid of a cane. 
On February 15, he was discharged from 
the hospital for ambulatory nursing. By 
April 12, further recovery was found. At 
last account, in May, there was moderate 
paresis in the legs, particularly in the hip 
muscles, but the patient is now able to walk 
without support (Fig. 9). 

In decompression from increased atmos- 
pheric pressure, the changes in the spinal 
cord have usually been confined to the white 
matter. In a series of dogs compressed to 
about 4.5 atm. (150 ft.; 15.3 m.) for an 
hour or so, and then suddenly decompressed, 
Heller, Mager and von Schrotter** observed 
no changes in the spinal cord in animals 
which were sacrificed within 10 minutes, 
and only petechiae at the 5-hour stage. On 
the other hand, in animals surviving 5 days 
or longer, ischemic lesions were found con- 
sistently in the white matter. Smaller le- 
sions were perivascular, and there were 
larger ones which represented a confluence 
of perivascular lesions. The thoracic and 
upper lumbar segments were the sites of 
predilection, with the lateral, posterior and 
anterior columns suffering in that order of 
frequency (Figs. 10A and 10B). Grey mat- 
ter of the cord was said to be affected only 
by extension of the lesions emanating from 
the white matter. Nerve cell changes noted 
in the anterior horns consisted of vacuoliza- 
tion and other regressive changes. The pau- 
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city of anterior horn cell changes is under- 
standable from the high resistance these 
cells have to hypoxia, even that of total 
ischemia for as long as 15 minutes.”° 

In the white matter in these dogs there 
were two kinds of lesion representing dif- 
ferent stages of severity: spongy transfor- 
mation of tissue with secondary gliosis and 
necrosis of tissue with subsequent cavity 
formation. Early stages in the development 
of the focal lesions were marked by disin- 
tegrative changes in myelin and profound 
swelling of axis cylinders associated with 
a widening of the tissue interstices, i.e., 
sponginess (Figs. 10C and 10D). Inter- 
stitial edema fluid was present in the grey 
and white matter in early stages. In cross 
sections of the spinal cord the lesions in 
the white matter were often most conspicu- 
ous in the zone surrounding the grey mat- 
ter. Also, the lesions were commonly wedge- 
shaped, with the base of the wedge parallel 
to the periphery of the cord. 

In man the thoracic, upper lumbar and 
lower cervical segments of the cord have 
been affected, in that order of frequency. 
Little was found in the cord in the first day 
aside from petechiae ***1+71 or frank hemor- 
rhage.*?7)77 Now and then thrombosis of 
dural or leptomeningeal veins has been ob- 


served.,* % 

By the end of the second day, clear-cut 
lesions in the white matter had developed. In 
such a case, of a caisson worker who lost 
consciousness immediately after decompres- 
sion and who became deeply cyanotic and 
restless and died in 48 hours, Nikiforoff* 
observed numerous perivascular zones in 
the white matter in which many nerve fibers 
had disappeared and in which remaining 
nerve fibers were greatly enlarged; the en- 
largement was contingent on swelling of 
axis cylinders, which were as much as 20 
times their normal diameter (Fig. 11). 
Moreover, small cavities with irregular 
edges had formed, and elsewhere in the 
white matter there was a dense interstitial 
network which was called “sclerotic ground 
substance,” but which we interpret as edema 
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Fic. 9. Appearance of an individual 6 months after the development of quadriplegia during a decom- 
pression-chamber run. There is still weakness of arm and legs and visible atrophy of the right calf. Mus- 
cular spasticity is lacking. Case of Débeln and H66k. Photograph by courtesy of Lt. Col. A. Frykholm, 
Stockholm. 
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Fic. 10. Spinal cord changes in dogs decompressed rapidly after approximately an hour’s stay at about 
4.5 atmospheres. A. Sponginess of white matter adjacent to anterior and posterior horns. B. cavitation 
of lateral and posterior columns with rarefaction of posterior horn to left. C. White matter, showing loss 
of nerve fibers and great enlargement of others, with extraordinary swelling of axis cylinders. D. Swell- 
ing of individual nerve fibers as seen in longitudinal section. From Heller, Mager and von Schrotter.* 


fluid. Plasma transudation occurred in the 
grey matter. Gitter cells were absent and no 
leukocyte infiltrates were seen. Similar 
changes together with hemorrhage were de- 
scribed by Lie** in a case of 3 days and 13 
hours’ duration (Fig. 4). 

These cases lie in or somewhat beyond 
the time range of our two altitude cases with 
spinal cord involvement. As compared to 
the changes in diver’s sickness and caisson 
sickness, the essential difference is that in 
our two cases the grey matter shared sig- 
nificantly in the ischemic process. In the de- 
compression chamber case (Case 3), in 





which death occurred 18% hours after de- 
compression to a_ simulated altitude of 
30,000 ft. (9,140 m.),?%*° the grey matter 
contained numerous perivascular zones of 
severe ischemic change, some of which had 
fused to form larger lesions (Fig. 12A). 
Groups of nerve fibers perivascularly were 
greatly swollen (Fig. 12B). Scanty plasma 
transudate and small hemorrhages were also 
seen. In the white matter there were multiple 
perivascular lesions of the same character in 
all columns, and here, too, plasma transudate 
was found in the perivascular cord substance 
(Figs. 12C and 12D). In the jet plane case 

























Fic. 11. Perivascular change in spinal cord of caisson worker who died 48 hours after decompression. 


Numerous nerve fibers have disappeared and some that remain are greatly swollen. From Nikiforoff. 


the grey matter of the cord showed the same 
basic change (Fig. 13A), and at the edge 
of the grey matter, perivascular nerve fibers 
were greatly enlarged (Fig. 13B) and the 
same was true of the lateral column of white 
matter, where the foci were smaller.* 
The question arises as to whether some of 
the change in the anterior horns in this case 
could be artefact. Perhaps some is artefact. 
Although the anterior horn cells are resistant 
to hypoxia, they may succumb to severe local 
ischemia. A case in point is one presented 
through the courtesy of Dr. J. R. M. Innes, 
Army Chemical Center, Maryland. This con- 
cerns a goat which was given spinal anes- 
thesia between lumbar vertebrae III and 
IV, following which a nephrectomy was 
done. Upon recovery from the anesthesia, 
the animal showed paralysis of the hind legs 
and loss of sphincter control. Being no better 
the next day, the animal was sacrificed. 
Neither needle track nor hemorrhage was 
seen in the cord. From segment L2 down- 
ward to the termination of the spinal cord 
the anterior horns had a brown discolora- 
tion. Examination of stained sections re- 
vealed severe ischemic changes in the an- 
terior horns (Fig. 14) similar to those seen 
in the jet plane case. As in the jet plane case, 
no erythrocytes were seen. No thrombus was 
found in the anterior spinal artery. The 
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change was regarded as due to prolonged 
spasm of spinal arteries of unknown cause. 
Under such conditions the anterior horns 
may be predominantly affected because they 
are supplied by the sulcocommissural ar- 
teries, and the white matter spared because 
of its supply by the arteriae coronae, the 
collateral circulation of which is rich. It is 
of interest that changes of a similar nature 
in the anterior horns are apparently present 
in Leyden’s case (Fig. 15), referred to 
below. 

In none of our cases were bubbles de- 
scribed as being present on gross inspection 
of the white matter of the cord. In the litera- 
ture one finds a few accounts of presumed 
autochthonous bubble formation in the white 
matter of the cord. Bert, Leyden,” 
Quincke®* and Boycott, Damant and Hal- 
dane*® all claimed to have seen bubbles in 
the substance of the gross cord. Catsaras” 
also observed them, but stated that they were 
in vessels. In a study of frozen-dried spinal 
cord of animals decompressed from increased 
pressures, Gersh and Catchpole** found 
bubbles only in vessels of the spinal cord. 
That the spinal cord is more subject to 
autochthonous bubble formation than the 
brain is indicated by its richer lipid content.” 
The likelihood that autochthonous bubble 
formation may occur under conditions of 
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Fic. 12 (Case 3; duration 7% hours). Altitude chamber case. 4. Anterior horn, showing perivascular 


; 
disruption of tissue, mainly perivascularly. Phosphotungstic acid hematoxylin stain. B. Posterior horn, 


showing perivascular sponginess of tissue, with striking ballooning of nerve fibers. C. Lateral column, 
and swelling of others in zone of plasma infiltration. Bodian activated 


showing loss of some axis cylinders 
howing plasma infiltration into the cord sub- 


protargol method. D. White matter of posterior column, s 
stance. Cresyl violet stain. A and B from Haymaker and Davison.” 





















Fic. 13 (Case 12; duration 6 hours). Jet plane 
case. A. The anterior horns show advanced rarefac- 
tion. Lesions in the posterior horns are more ob- 
viously perivascular. B. Junction of the grey and 


white matter in the spinal cord, showing great 
swelling of nerve fibers perivascularly. Lillie myelin 
stain. From Haymaker, Johnston and Downey.” 


moderately rapid decompression is, however, 
rather small because of the relative quick- 
ness of nitrogen clearance from the central 
nervous system.*’ Bubble formation would, 
however, be more apt to occur in the spinal 
cord than in the brain because the saturation- 
desaturation time of nitrogen is longer in 
the cord than in the brain.** 

Another point to be considered is the 
development of widespread profound cir- 
culatory disturbances in caisson sickness and 
diver’s sickness. In performing an autopsy 
on a caisson worker who died 5 days after 
onset of decompression sickness, Bauer* 
noted that as he dissected down through the 
paravertebral muscles the vascularity in- 
creased with. the approach to the spine. The 
epidural tissues exhibited profound venous 
engorgement and a red gelatinous infiltrate, 
and the subdural space, a copious collection 
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of serum (about 2 ounces). The spinal cord 
was distended by fluid in its central canal. 
Furthermore, in a case of caisson sickness 
described by Leyden,** with death occurring 
on the 15th day, there was striking engorge- 
ment of spinovertebral and meningeal veins, 
abundant clear fluid in the subdural space, 
and gross swelling of the white matter at 
thoracic levels, with cervical and lumbosacral 
enlargements being spared. Microscopically, 
there were lesions of an ischemic nature over 
a length of 10 cm. of the thoracic cord, chiefly 
in the posterior columns and the dorsal part 
of the lateral columns. 

It is possible that under conditions of ex- 
treme decompression sickness, the meningeal 
venous engorgement is contingent not only 
on bubble population in the spinal cord and 
the spinovertebral venous plexus, but also 
on back-pressure in the spinovertebral ven- 





Fic. 14. Spinal cord of goat, showing rarefaction 
of the anterior horns. A high power view of an 
anterior horn is also illustrated. Courtesy of Dr. 


J. R. M. Innes. 
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ous plexus’ transmitted from congested bub- 
ble-laden lungs by way of venous anasto- 
moses connecting the lungs and spino-ver- 
tebral-azygos system (Fig. 16). 

In summary and conclusion, then, the 
changes in the spinal cord in decompression 
to altitude are basically the same as in cais- 
son sickness and diver’s sickness. The higher 
incidence of the lesions under the latter con- 
ditions is probably referable to the larger 
quantity of circulating nitrogen bubbles. The 
conclusion reached by Heller, Mager and 
von Schrotter** holds as true today as when 
uttered 55 years ago, namely, that only when 
the volume of gas bubbles relative to the 
richness of the capillary bed of the spinal 
cord becomes too great is there a sufficient 
reduction in blood flow and of intravascular 
pressure to bring the bubbles to a halt, thus 
allowing them to act as emboli. Such a factor 
would serve to explain the changes in the 
white matter, where the capillary bed is much 
less rich than that in the grey matter. 

From the occurrence of ischemic changes 
in the anterior horns in the pressure chamber 
and the jet plane case, as well as in some 
cases of diver’s sickness reported in the 
literature, it is gathered that an additional 
pathogenic factor may be spinal arterial or 
arteriolar spasm due tu the presence of nitro- 
gen bubbles, with the white matter occasion- 





Fic. 15. The spinal cord in caisson sickness of 15 
days’ duration. The posterior and lateral columns 
are affected, and the anterior horns appear rarefied. 
From Leyden.” 
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Fic. 16. Diagram showing the spino-vertebral- 
azygos venous system and its connection with pul- 
monary, thoracic, abdominal and pelvic veins. From 
Batson.° 
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ally being spared, presumably because of the 
richness of the anastomoses of the arteriae 
coronae. This conclusion is not necessarily 
contradictory to that reached in the fore- 
going paragraph. 

The question of whether autochthonous 
bubble formation in the white matter of the 
spinal cord is an additional pathogenic factor 
in cases of moderately rapid decompression 
is still too controversial to allow a generali- 
zation. 

Nitrogen bubbles from retroperitoneal fat 
depots may gain the spinovertebral plexus 
of veins, and through obstructive action re- 
tard venous return from the cord and thus 
facilitate embolization of spinal precapillaries 
and arterioles. Under extreme conditions, 
the engorgement of the spinovertebral venous 
system may be aggravated through back- 
pressure from bubble-laden pulmonary ves- 
sels. 

Thus, in short, the production of embolic 
lesions in the cord appears to be as depend- 
ent of blood flow on the 
venous side as on the arteriolar-capillary 


on retardation 


side. 
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EDITORIALS 





A Century of Military 
Pathology 


ORBID anatomical changes in sick 
bodies had been observed and re- 
corded by the physician since the 

dawn of medical literature. Yet, many cen- 
turies elapsed before the doctor willingly 
admitted that the local and material changes 
in the viscera might be responsible for the 
symptoms of the sick. It took a long time 
to melt the multiplicity of signs, symptoms 
and sicknesses into definite patterns and 
units of disease. 

By the middle of the 18th century how- 
ever, the fundamental work on morbid anat- 
omy had been accomplished—pathological 
anatomy became a separate branch of the 
science of medicine. Paternity for pathology 
is customarily claimed for Giambattista Mor- 
gagni, Italian scholar, and the date of print- 
ing (1761) of his “On the Sites and Causes 
of Diseases” (De sedibus et causis mor- 
borum) is often considered the birth-year of 
modern pathological anatomy. 

As medicine progressed during the next 
hundred years, pathology also advanced 
rapidly in the first century of its existence. 
Human curiosity was digging deeper and 
deeper into ever smaller and smaller parts 
of the organism in the hope to find the ul- 
timate site of the mysteries of Life, Decay, 
and Death. The “organ pathology” of Mor- 
gagni was therefore soon superseded by the 
“tissue pathology” of Bichat (1799) and of 
Cruveilhier; and this again yielded to the 
“humoralism” of Rokitansky (1842). Fi- 
nally, in 1858, Rudolph Virchow came for- 
ward with a new theory of disease, blaming 
for the pathological process the reversible 
and irreversible changes’ in the cells soon 
after these elements of the body were dis- 


covered and thought to be the ultimate in- 
dependent atoms of Life. Thus, about the 
mid-19th century, pathology acquired new 
wings and formulated new problems for re- 
search. It was then an established, respect- 
able discipline, and, since the second quarter 
of the 19th century, many European and 
American universities erected chairs for the 
teaching of the principles of the new science. 

The publication of Virchow’s Cellular- 
pathologie (1858) marked the beginning of a 
new era for the science of disease. During 
this period, pathology has gained both in 
weight and volume. The knowledge of mor- 
bid anatomical changes has become the firm 
foundation not only of medicine in general 
but also of all medical specialties which suc- 
cessive decades had created either for the 
particularity of subject or for the sake of 
convenience. 

Military Medicine is one of the oldest 
established medical specialties. Its history 
goes back to the Homeric age when the 
legendary Podalirios and Machaon, demi- 
gods and paragons of the military surgeon, 
had been practicing their art of healing on 
the mythical battlefields. Certainly, combat 
injuries, and the destructive power of the 
arbalest and of other primitive weapons, 
and the scourges of Ares had been observed 
throughout the history of the warfaring 
world. Yet, the marriage of military medicine 
with pathology is of recent date. Neither 
the barber-surgeon of the medieval armies, 
nor the surgeon of the renaissance period 
cared much for the differential study of battle 
casualties. The arrow-wounds and the gun- 
shot injuries had interested Paré, or Heister, 
or the Napoleonic surgeons only as par- 
ticular objects of surgical treatment, not as 
subjects for special studies. 

It was but a hundred years ago, on 27 
April 1855, and in the second year of the 
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Crimean War when, affected by the gener- 
ally awakening scientific interest in morbid 
anatomical studies, Lord Panmure, the 
sritish Secretary of War, appointed three 
pathologists to the British Expeditionary 
Forces of the Crimea. The small team of 
Army pathologists, under the leadership of 
Dr. A. D. Lyons, was ordered to proceed to 
Scutari and to investigate in the hospitals 
there the pathology of diseases and injuries 
which they were to find in the British soldiers 
fighting on Turkish and Russian soil. 

The opening of the new field of military 
pathology had been thus the interest and 
business of a government engaged in a major 
war. Neither had been further advancements 
in the new field possible without its con- 
tinued understanding and support at the 
governmental level. After its start in 1855, 
military pathology received its next important 
boost in 1862 when, during the American 


Civil War, the Federal Government in 
Washington established the Army Medical 
Museum as a respository for pathological 


material and related records. 

It was again a chain of wars that created 
new interests, modified the scope of the mu- 
seum’s original charter, and later helped the 
American Army establishment to change its 
merely routine work. World War I trans- 
formed the old museum from a collection of 
odd pathological specimens and curiosities in- 
to a living institution of a higher than aca- 
demic level, owing to the enthusiasm and 
zeal of a new series of outstanding Army 
pathologists. The change in name in 1946 to 
“Army Institute of Pathology” came as a be- 
lated recognition of this transformation. 

World War II, then the subsequent 
Korean Conflict, and the many modern 
special war-weapons lately invented gave 
further new direction to the development 
of military pathology. They also quickened 
the growth of the Pathological Institute, 
which since 1949 has been carrying again a 
new label to show its undivided American 
nature—Armed Forces Institute of Pathol- 


ogy. 
Now, on the verge of the third seculum 
of pathology, this nearly centenarian Ameri- 
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can institution is emerging as the National, 
nay the World Center of Research in 
Pathology, civilian as well as military. 

For more than 85 years, this institution of 
military pathology had been quartered in a 
Victorian red-brick building, erected on “The 
Mall,” and located at the borderline of the 
dilapidating southwestern slum segment of 
the Federal Capital. In the small years of 
this century, the same building also served 
as temporary shelter for the Army Medical 
School before the construction of the Walter 
Reed Medical Center. While at its downtown 
address, the Museum and Pathological In- 
stitute, year after year since 1916, had been 
generously providing the Association of the 
Military Surgeons with rooms for its head- 
quarters and editorial office. Ever since 
World War I, when the Editor’s office was 
moved to Washington (1916) and the As- 
sociation was brought into closer alliance 
with the Army Medical Museum, the succes- 
sive secretary-editors enjoyed the goodwill 
of their permanent host (N.B. Their recent 
segregation is but in space, not in spirit). 

The new building of the Armed Forces 
Institute of Pathology is now located on a 
dominant hill, on the grounds of Walter 
Reed Medical Center, as if such a site were 
symbolical of the future position that mili- 
tary pathology is destined to take in the de- 
velopment of national medicine. Let’s hope 
that, with its ultramodern equipment, safety 
showers, electronic signals, etc., the new 
medical research center will be more than 
a ripple in the great stream of science his- 
tory. Let’s also pray to God that the new 
Institute’s detailed work and unified endeavor 
shall result in fruitful knowledge that will 
confer Love and Happiness to all nations of 
the world. 


Community Giving 


HERE are many things that we are 
compelled to do from day to day be- 
cause our livelihood depends on those 
actions, or we do them because people ex- 
pect us to and we want to make a good im- 
pression. While this may all be true in our 
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work, it does not necessarily follow in those 
matters that show us no financial return. 
One of these little matters is that of giving 
to help our fellow men. In these cases we 
are more or less on our own. 

Some of us give generously, some not at 
all, and in between those extremes there are 
all degrees of response. The actions do not 
necessarily correspond to the possession of 
worldly wealth, either. Like the widow who 
gave her mite—all she had—there are those 
who give their all to help their fellow men. 

We are reminded right now of the great 
Albert Schweitzer who felt compelled to do 
something for mankind even though he had 
already done much in the field of music and 
theology. Still he was not fully satisfied, and 
at the age of thirty gave up two careers for 
the study of medicine. For the study: of 
medicine, which netted him no financial 
gain, but satisfied the urge to do for suf- 
fering humanity. The world has come to his 
hospital at Lambarene in Africa because he 
has gained renown through his unselfish- 
ness. We, here in America, are approaching 
again the season when our help is asked for 
funds for community charitable activities. 
Such funds which taxation does not provide 
for the help of others are needed. We speak 
of the United Community Campaign funds. 
This campaign is known as the Community 
Chest in some areas. A more inclusive fund 
is set up in other places so that the individual 
appeals of organizations are now eliminated. 
We certainly prefer such a system. One time 
for giving for all would be ideal. But this 
is a community problem and not for us to 
decide. , 

There are many worthwhile projects which 
deserve support. It is too easy to say, “I pay 
taxes for that purpose.” But taxes do not 
answer all the problems. We live in a better 
land because we have conquered some of the 
discomforts of life through the voluntary 
giving of many persons. The problems have 
been attacked without the red tape of legis- 
lation. Our life span has been extended be- 


cause of some of this voluntary giving. 


Now is the time for the individual to take 
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can and should give for these Community 
Funds. When we give let us remember that 
we are not only giving for others but we are 
giving to a cause that affects our every day 
life in more ways than one. The United Com- 
munity Campaigns need our support. 


Our Convention 


HE 62nd Annual Convention of our 
Association will be held at the Statler 
Hotel, November 7, 8, and 9. The 
theme this year is “Trauma and Manage- 
ment of Mass Casualties.” Brig. General 
John R. Wood, the Scientific Program Chair- 
man, and Colonel Louis F. Saylor, the Gen- 
eral Chairman, with their committees are 
working hard to make this the best conven- 
tion that has ever been held by the Associa- 
tion. It promises to be just that. 

The subject is timely and many who have 
not had the opportunity of attending the 
lengthy courses that are being given might 
profitably indulge in this more concentrated 
course given over the three day period of 
our annual meeting. 

For the ladies there will be the usual 
fine luncheon at the Walter Reed Medical 
Center, and other events of interest. Suf- 
ficient time will be allowed during the con- 
vention for those ladies who desire to visit 
the excellent stores in Washington or who 
may wish to visit some prominent place not 
on the schedule as prepared by M: 3. James 
B. Cooney, Chairman, and the members of 
her Ladies Affairs Committee. 

At the Honors Night Dinner on Novem- 
ber 9 we will be addressed by a prominent 
speaker. This will also be the occasion for 
the presentation of the coveted awards, the 
Sir Henry Wellcome Medal and Prize, the 
Gorgas Medal, the Stitt Award, the McLes- 
ter Award, the Major Louis Livingston See- 
man Prize, and the Founder’s Medal. Your 
hotel reservations should be made now as 
the attendance is expected to be heavy. Res- 
ervations for the events can be made at a 
later date but attend to your lodging needs 


now. 











Around the World 


By 


Ciaupius F. Mayer, M.D. 


MONO RIVER runs through the 

Akita Prefecture of Japan (North- 

ern Honshu). The river basin is 
very suitable for agriculture, and its many 
agrarian small settlements are devoted to 
the production of rice. The inhabitants of 
this area are living almost entirely on a diet 
consisting of an overdose of boiled rice, 
seasoned with a dish or two of salty courses. 
In the villages along the Omono 30% of the 
natives were found to have hypertension. 
This district is known to produce the highest 
percentage of apoplexy victims and hyper- 
tensive persons in the whole world as medi- 
cal members of the staff of Tohoku Uni- 
versity recently revealed. It is strange to see 
the prevalence of hypertension in the vil- 
lagers of this Japanese district where the 
diet is mainly rice. 

On the other hand, in the fishing villages 
of the neighboring Iwate Prefecture less 
than 10% of the Japanese have hypertension. 
Moreover, in some maritime villages of Oga 
Peninsula the frequency of hypertension is 
below 5%. At these places the natives do not 
eat as much rice, and their side-dishes con- 
tain fresh fish and seaweed. Recent Japanese 
reports question the pressure-reducing effect 
of rice diets. 

A few New Zealander doctors went on an 
expedition to the Pacific atoll of Puka-Puka 
(Danger Island), located in the northern 
Cook Group, to study the health status of 
the native population. The island (10°53/ 
Lat. South, 165°54” Long. West) is less 
than two square miles, with a population of 
648. With the exception of two very old in- 
habitants, the adult population showed an 
average of 103 to 113 systolic and 66 to 76 
diastolic pressure. The diet of these natives 
consists of about 100 gm of protein, 497 
gm of carbohydrate, and 182 gm of fat. The 
climate is characteristically humid tropical, 
with an average temperature of 80°F. The: 
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life on this island is almost without stress 
and competition. The members of the expedi- 
tion could hardly find a clock on this atoll; 
the few time-pieces discovered were either 
broken or stopped. (N.B. Eskimos living 
in the Artics, and Scandinavians in the 
coldest regions of Europe do not suffer 
more from hypertension. Thus cold climate 
and civilization are not the only factors that 
predispose to abnormally high pressure). 

Since 1946, epidemic outbreaks of a virus 
meningoence phalitis have been observed in 
Slovenia. The disease is endemic, with oc- 
casional wider spreads, mostly in the season 
from May to September which is also the 
season of the tick Ixodes ricinus. Indeed, 
many patients complained of tick-bites. 
Hence, the Ixodes is incriminated as the 
vector of the virus. The disease closely re- 
sembles the tick encephalitis occurring in 
Czechoslovakia, and the meningo-encepha- 
litis observed in Austria and in Russia (the 
spring-summer encephalitis). It is possible 
that the virus normally circulates between 
rodents and ticks, and man is only acciden- 
tally infected. 

The last annual meeting of the Italian 
Syphilographical and Dermatological So- 
ciety was held at Firenze. The meeting re- 
vealed that there are about a million syphi- 
litics in Italy, if not more. Indeed, syphilis 
is of very.high incidence among certain oc- 
cupational groups, eg., the migratory 
workers, 10% of whom are found syphilitic 
by blood tests. This was also the rate of the 
disease among pregnant women who visited 
the prenatal welfare clinics in Napoli. The 
Italian government intends to curb venereal 
diseases by new laws. 

The World Health Organization on its 
latest meeting in Mexico (1955) recognized 
that the campaign against malaria must 
change from the emphasis on control of 
mosquitoes to a complete eradication of the 
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disease. Mosquitoes are able to become re- 
sistant to insecticides; so do governments 
become resistant to requests for more funds. 
They are unwilling to disburse funds for 
campaigns whose ends are uncertain. Under 
such conditions, a complete eradication, with 
the participation of all countries of the 
world, is the best bet in the fight against 
malaria. 

In Europe and in America the inhalation 
form of medication, the aerosol therapy is 
getting to be more and more popular. There 
are many chemicals, enzymes, and antibiotics 
that are suitable for inhalation. In Germany, 
where the aerosol fad is the strongest, since 
1949 a special journal has been devoted to 
research into this form of therapy (its title: 
Zeitschrift fiir Aerosol-Forschung und- 
Therapie). Ultrasound (vibration) has been 
successfully used for the preparation of such 
medicinal inhalants. 

Germany used to be always a country of 
therapeutic fads and contradictions. In every 
decade there appeared a larger group of 
physicians strictly following the medical 
doctrines of THE SCHOOL, and a smaller 
group of non-conformists proposing various 
daring theories and new methods of treat- 
ment. Among the newer, unorthodox “bio- 
logical” wuys of treatment, post-war Ger- 
many has produced: 1) the neural therapy 
(Huneke) ; 2) the dietary therapy ( Volhard, 
et al.) ; 3) the cellular therapy (Niehans) ; 
4) the intraarterial oxygen therapy (Moller) 
and 5) the syncardial therapy (Fuchs). 

The neural therapy attempts to act upon 
certain neural segments to influence perti- 
nent internal organs and their diseases. The 
active agent employed may be acupuncture 
(from China), Swedish massage, massage 
of neural points (Cornelius) connective tis- 
sue massage, chiropractics, or novocaine in- 
jection (Huneke).—The dietary therapy is 
an outgrowth of the wartime starvation of 
Germany. Vegetable juices are taken for 
weeks, also fruit-rice diet, plants grown 
without synthetic fertilizers in the soil, fruits 
without poisonous spraying, etc.—The cel- 
lular therapy (Niehans) has been recently 
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used also for the treatment of Pope Pius. It 
is the giving of non-endocrine organs of 
fetal and young animals (such extracts as 
the AF-2 which is prepared of liver, spleen, 
and duodenum of sheep embryo) by intra- 
muscular injection or inhalation, either of 
the fresh cells or of cells preserved by freez- 
ing-drying. The mode of action of these 
extracts is obscure——The intraarterial ox- 
ygen therapy was first introduced by the 
French Lemaire and further developed by 
the German Moller. It is employed for the 
treatment of arterial disorders in the lower 
extremities. From 40 to 100 ml of pure oxy- 
gen is insufflated through the femoral artery, 
with special care to avoid gaseous embolism. 
—In the syncardial therapy of Fuchs, sup- 
plementary pressure is applied, by means of 
an apparatus called the Syncardon, upon the 
peripheral pulse at rhythmical intervals. 
This procedure is supposed to increase the 
circulation of the affected organ. The syn- 
cardon, a combination of 3 devices, is manu- 
factured in Basel, Switzerland, at a selling 
price of over $1,500. 

The editor of a Russian tridiurnal medical 
newspaper was especially pleased when at 
the start of the year he received greetings 
from both the Arctic and the Antarctic. One 
message of goodwill reached him from the 
physician in charge of “No. 3 North Pole,” 
one of the many experimental stations of 
Russian Arctic research. The other radio- 
gram was dispatched by the captain in charge 
of the first-aid service aboard the Ash- 
khabad, a tanker representing Russian in- 
terests and research in the Antarctic. How 
much will Soviet Russia spend the next fiscal 
year on Arctic research is not known. Ac- 
cording to the official announcement of A. G. 
Zverev, Finance Minister, the Soviet budget 
in 1955/56 will be kept in balance, with an 
income of 589.6 billion rubles against an 
expected expense of 562.9 billions. Of this 
sum, 146.9 billion rubles are set aside for 
“social and cultural” purposes, which head- 
ing also includes the appropriation for 
health and medicine. 

The growth of Russian medical literature 
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is the pride of the official publishing house, 
the MEDGIZ (a contraction for 3 Russian 
words meaning “Medical State Publishers’). 
This firm started functioning in 1946, when 
its Leningrad filial had issued 411 books and 
journals in a total of 10 million copies. By 
1953, the annual number of publications has 
grown to 875, and yearly total number of 
copies to the 19-million mark. Under the 
caption “The Invisible Atlas,’ a medical 
newspaper reported recently that in 1949 a 
certain M. G. Bykov (then a bigshot in 
Soviet medicine) had started writing and 
editing a “Conspective Atlas of Anatomy.” 
Each year he demanded more money in ad- 
vance from Medgiz until by now he had re- 
ceived over 350,000 rubles ; yet, his promised 
“conspective’”’ atlas is still inconspicuous. 
There is more and more emphasis upon the 
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preservation of health of the occupied man. 
The medical director of an American mental 
institution (Braceland) recently discussed 
the unit that is formed by the employee, his 
work, and his manager. The mental health of 
this unit depends upon all related parts. 
Maladjustment of the worker may come 
from domestic troubles and worries that he 
can hardly leave outside at the parking lot. 
Yet, the working atmosphere can be kept 
relatively tension-free provided that the ex- 
ecutive leaves his emotional problems out- 
side. Is this humanly possible? Hardly ever 
unless preventive psychiatry starts at the 
top level. And this is very much desirable 
as this expert puts it—‘‘One badly 
maladjusted cause more 
trouble than an epidemic of measles.” . 
Multa paucis! 


since 





supervisor can 


= * =H 


MIDWAY 


The Japanese Navy’s story Midway, written by two former officers of the Imperial Japanese Navy, 
Mitsuo Fuchida, former captain, and Masatake Okumiya, former commander, has recently been published 
by the Naval Institute. In this 266 page book we now can read of “the battle that doomed Japan.” To the 
reviewer of the book who was in the Aleutians at the time of the diversionary attack on Dutch Harbor 
the details of the battle as recorded have been most interesting. The book makes not only interesting reading, 
but records for students of naval history all the details which should be thoroughly studied so that similar 
mistakes can be avoided. While this is a book of many details the manner of presentation is so interesting 
that it makes good reading for anyone who wants to know more about the war in the Pacific. Admiral 
Raymond A. Spruance, U. S. Navy (Ret.) has written the Foreword to the book. He mentions some of the 
strategy that he used at Midway. The book sells for $4.50. Naval Institute, Annapolis, Maryland. 





Cot. Rost. E. Brrner, USA, Ret. 
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SUSTAINING MEMBERS 


It is a privilege to list the firms who have joined The Association of Military Surgeons 
as Sustaining Members. We gratefully acknowledge their support. 


ABBOTT LABORATORIES 

ASTRA PHARMACEUTICAL PRODUCTS, INC. 

AYERST LABORATORIES 

BAXTER LABORATORIES, INC. 

BECTON, DICKINSON AND COMPANY 

BISHOP, J, & CO. PLATINUM WORKS—MEDICAL PRODUCTS DIVISION 
BURROUGHS WELLCOME & CO. (U.S.A.) INC. 

CIBA PHARMACEUTICAL PRODUCTS, INC. 

COOK-WAITE LABORATORIES, INC. 

CORNING GLASS WORKS 

COURTLAND LABORATORIES 

CUTTER LABORATORIES 

EATON LABORATORIES, DIVISION OF THE NORWICH PHARMACAL CO. 
GENERAL ELECTRIC COMPANY 

GRASS INSTRUMENT COMPANY 

HOFFMANN-LA ROCHE, INC. 

HYLAND LABORATORIES 

JOHNSON & JOHNSON 

LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID CO. 
LILLY, ELI, AND COMPANY 

MALLINCKRODT CHEMICAL WORKS 

MERCK & CO., INC. 

ORTHOPEDIC EQUIPMENT COMPANY 

PARKE, DAVIS & COMPANY 

PFIZER, CHAS. & CO., INC. 

PICKER X-RAY CORPORATION 

PITMAN-MOORE COMPANY, DIVISION ALLIED LABORATORIES 
PROFEXRAY, INCORPORATED 

RITTER COMPANY, INC. 

SCHERING CORPORATION 

SEARLE, G. D., & CO. 

SMITH, KLINE AND FRENCH LABORATORIES 

SQUIBB, E. R., & SONS, DIVISION OF OLIN MATHIESON CHEMICAL CORP. 
STEPHENSON CORPORATION 

STERILON CORPORATION 

WARNER-CHILCOTT LABORATORIES DIVISION WARNER-HUDNUT, INC. 
WINTHROP-STEARNS INC. 

WYETH LABORATORIES 









































Timely items of general interest are 
accepted for these columns. Deadline 
is 3rd of month preceding month of | 


| 


issue. 





Department of Defense 


Ass’t Secretary (Health & Medical)—Hon. 
FRANK B. Berry, M.D. 

Deputy Ass’t Sec’y—Hon. Epw. H. Cusu- 
ING, M.D. 


EPIDEMIOLOGICAL BOARD APPOINTMENTS 


Dr. John H. Dingle, Western Reserve 
University School of Medicine, and Captain 
Robert W. Babione, MC, USN, became 
president and executive secretary, respec- 
tively, of the Armed Forces Epidemiological 
Board on July 1. 

Dr. Thomas Francis, Jr., professor of 
epidemiology and chairman of the Depart- 
ment in the School of Public Health, Uni- 
versity of Michigan, has been appointed as 
a member of the Armed Forces Epidemio- 
logical Board. The appointment was effective 
September 1, and will be for four years. 


EDITOR MEDICAL JOURNAL 

Captain Bennett F. Avery, MC, U. S. 
Navy, assumed the duties of editor of the 
U. S. Armed Forces Medical Journal on 
July 1. He was an associate editor and suc- 
ceeded Colonel Robert J. Benford, USAF 
(MC) who was transferred to the office of 
the Assistant Secretary of Defense (Health 
and Medical). 


STRENGTH OF ARMED FORCES 


The total numerical strength of the Armed 
Forces on June 30 based on preliminary re- 
ports was 2,936,003. The Army strength was 
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1,109,290; Navy strength, 660,460; Marine 
Corps, 205,553; Air Force, 960,700. 


Army 


Surgeon General—Maj. GEN. Sivas B. 

Hays 
Deputy Surg. Gen.—Bric. Gen. JAMEs P. 

CooNEY 
GENERAL ARMSTRONG HONORED 

The American Pharmaceutical Association 
conferred honorary membership in that or- 
ganization on Major General George E. 
Armstrong, who concluded his assignment 
as Surgeon General of the Army on June 1, 
and retired from the Army on July 31. The 
presentation was made by Dr. Robert P. 
Fischelis of the American Pharmaceutical 
Association at the eighth anniversary party 
of the Medical Service Corps at Walter 
Reed Army Medical Center, July 30. This 
is the first time in the history of the Pharma- 
ceutical Association that such an honor has 
been bestowed upon an Army Medical Corps 
officer. 


SPECIAL ASSISTANT TO SURGEON GENERAL 


Colonel James H. Kidder, MC, USAR, 
New York City, has been recalled to active 
duty as special assistant for Reserve Affairs 
to the Surgeon General. 

In World War II he served in the South 
Pacific area with the 7th Evacuation Hos- 
pital, and later in Europe with the 134th 
Evacuation Hospital. After the war he re- 
sumed his private practice in New York 
City and continued his reserve activities. 


ELECTED FELLOW AAAS 


Colonel Joseph H. McNinch, MC, Chief 
of the Personnel Division, Office of the 
Surgeon General, has been elected to Fel- 
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lowship in the American Association for the 
Advancement of Science. 


ASSIGN MENTS 


Colonel Augustus A. Hall, MC, Station 
Surgeon and Commanding Officer of the 
Army Hospital at Aberdeen Proving 
Ground, Md., for the past three years, has 
been transferred to Fort Bliss, Texas, where 
he has assumed the duties of Station Sur- 
geon. 

Colonel John R. Hall, MC, has succeeded 
Colonel B. Dixon Holland in the office of 
the Surgeon General as Chief of the Occupa- 
tional Health Branch, Preventive Medicine 
Division. Colonel Hall received his Master 
of Public Health degree from Johns Hopkins 
University in May 1955. 

Lt. Colonel Arnot C. Sine, MC, has as- 
sumed the position of Ass’t Chief of the 
Research and Development Division, Office 
of the Surgeon General. Prior to this as- 
signment he was an assistant Inspector 
General to the Surgeon General. 


NURSE MEMBER ATOMIC CASUALTIES STUDIES 
DEP’T. 

Major Harriet H. Werley, ANC, has been 
assigned to the recently established depart- 
ment of atomic casualties studies at the 
Army Medical Service Graduate School, 
Washington, D.C. Prior to this assignment 
she was in the Office of the Surgeon General, 
where she instituted a career guidance pro- 
gram for the Army Nurse Corps. 

She will also act as liaison officer between 
the Army Medical Service and the military 
professional specialty short courses given 
for nurse officers at the graduate school. 


NURSE AWARDED COMMENDATION RIBBON 


Captain Iladene H. Filer, ANC, instructor 
in hospital procedures at the Medical Field 
Service School, Brooke Army Medical Cen- 
ter, was awarded the Army Commendation 
Ribbon with Metal Pendant at a ceremony 
at Fort Sam Houston, Texas. The presenta- 
tion was made by Brigadier General James 
M. Epperley, Director of Dental Activities 
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at the medical center. The award was made 
for her “competent planning and presenta- 
tion” of educational and orientation pro- 
grams for nurses at the Army Hospital in 
Yokohama, Japan. 


NUTRITION COMMITTEE MEETS 


The Army Advisory Committee on Nutri- 
tion recently met at the Medical Nutrition 
Laboratory, Fitzsimons Army Hospital, 
Denver, Colo. The committee is composed 
of four doctors, all of whom are consultants 
to the Surgeon General. They are: Dr. J. B. 
Youmans, (chairman); Dr. Wendell H. 
Griffith; Dr. Herbert Pollock; and Dr. 
Charles G. King. 


MFFS ASSIGNMENT 


Colonel Joseph D. Manges, VC, has been 
assigned as assistant director of the Depart- 
ment of Veterinary Science at the Medical 
Field Service School, Fort San Houston, 
Texas. 


67TH MEDICAL GROUP COMMANDER 


Lieut. Colonel John W. Regan, MC, has 
been named Commanding Officer of the 67th 
Medical Group, Fort Sam Houston, Texas. 
This announcement was made by Major 
General William Shambora, Commander of 
Brooke Army Medical Center, of which the 
67th is a unit. In addition to his medical de- 
gree Colonel Regan has had three years of 
engineering at the Massachusetts Institute 
of Technology. 


PORTRAITS UNVEILED 


The portraits of Colonel Othmar F. 
Goriup, MSC, and Colonel Robert L. Black, 
MSC, retired, were unveiled by the Surgeon 
General of the Army at the eighth anniver- 
sary party of the Medical Service Corps at 
Walter Reed Army Medical Center on July 
30. 

These two officers are former chiefs of 
the Medical Service Corps. Both portraits 
were done by the famous Japanese artist, 
Itaru Nakao, Coionel Goriup sitting for his 
portrait since he is on duty in Japan. Colonel 
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Black’s portrait was painted from photo- 
graphs furnished. 
TO OKINAWA 

Colonel J. T. McGibony, MC, who has 
been commanding officer of the Army Hos- 
pital at The Engineer Center, Fort Belvoir, 
Va., for the past three years has left for his 
new station in Okinawa where he will be in 
charge of the Army hospital. Colonel Mc- 
Gibony who is an expert in hospital adminis- 
tration and plans will supervise the construc- 
tion of the new hospital at this Far East 
station. 


RETIRED 

Brig. General Crawford F. Sams, MC, re- 
tired from the Army on July 31. General 
Sams was Surgeon of the First Army and 
First Vice-President of the New York 
Chapter of our Association. He was Direc- 
tor, Health Welfare Section, Head- 
quarters, Supreme Commander Allied Pow- 


and 


ers, Japan, under General Douglas Mac- 


Arthur, General Sams will reside at 55 
Shearer Drive; Atherton, California. 
Colonel Kermit Gates, who served as 


deputy commander of the Walter Reed Army 
Medical Center and deputy commander of the 
Walter Reed Army Hospital retired on July 
31. He will become executive director, Jack- 
son Memorial Hospital, Miami, Florida, suc- 
ceeding Brig. General C. C. Hillman, USA, 
retired, who has held that position for the 
past nine years. 

Lt. Colonel Rosalie D. Colhoun, Deputy 
Chief of the Army Nurse Corps for the past 
four years, retired from active duty on 
August 31, She has been succeeded in the 
position of deputy by Lt. Colonel Inez 
Haynes, ANC, who recently graduated with 
distinction from the University of Minne- 
sota with a Bachelor of Science degree in 
Nursing Education. 


VETERINARY CONFERENCE 


Colonel Neil O. Wilson, Chief Veterinar- 
ian of the Army Forces in the Far East, re- 
ported that the conference held in Tokyo in 
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June was highly successful. This was the 
first conference of its kind held in the Far 
East, and since it was so successful others 
are planned for the future. 

Dr. Kogi Saito, Chief of Veterinary Ani- 
mal Hygiene, Ministry of Agriculture and 
Forestry, Japan addressed the conference, 
and gave some news of the recent interna- 
tional conference on epizootics in Europe, 
which he had attended. 


DENTAL LECTURES AT WRAMC 

A series of dental lectures will be held at 
Walter Reed Army Medical Center (except 
as noted) : 

19 September, 3:00 p.m. Dr. Robert G. 
Kesel—School of Dentistry, University of 
Illinois “Endodontia.” 

20 September, 8:00 a.m. Dr. Harold W. 
Krogh—‘“Radiology.” 

20 September, 9:30 a.m. 
of 


Dr. Wilton 
Krogman—“Techniques Facio-Dental 
Growth.” 

21 September, 3:00 p.m. Dr. Harold W. 
Krogh—“Oral Surgery.” 

22 September, 8:30 a.m. Dr. Frances J. 
Fabrizio—Georgetown University School of 
Dentistry—“Etiology of Periodontal Dis- 
ease.” 

23 September, 10:00 a.m. Dr. Daniel F. 
Lynch—President, American Dental As- 
sociation—“Oral Surgery.” 

26 September, 8:00 a.m. Dr. Daniel F. 
Lynch—“Oral Surgery.” 

28 September, 10:00 a.m. Dr. Daniel F. 
Lynch—“Oral Surgery.” 

29 September. (Temple University) Dr. 
James R. Cameron—President, American 
Board of Oral Surgery—“Importance of the 
Role of Diagnosis in the Field of Oral Sur- 
gery.” 

30 September. (University of Pennsyl- 
vania, Philadelphia) Dr. Lester W. Burket— 
University of Pennsylvania—‘Oral Mani- 
festations of Diseases of the Blood” and 
“Oral Soft Tissue Manifestations of Nutri- 
tional Imbalance.” 

30 September. (University of Pennsyl- 
vania, Philadelphia) Dr. Harrison M. Berry, 
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Jr—School of Dentistry, University of 
Pennsylvania—“Comparison of Bisecting 
and Paralleling Techniques for Intraoral 
Dental Roentgenograms” and “Interpreta- 





tion of Intraoral and Extraoral Roentgeno- 


grams.” 

30 September. (University of Pennsyl- 
vania, Philadelphia) Dr. Arthur B. Gabel— 
University of Pennsylvania—Mechanical 
Principles in Cavity Preparation for Amal- 
gam Restorations” and “The Technic for In- 
sertion of Amalgam Restorations.” 


N avy 


Surgeon General—Rear ADM. BARTHOLO- 
MEW W. HoGaNn 

Deputy Sur. Gen.—ReEAR ApM. Bruce E. 
3RADLEY 


SURGEON GENERAL RECEIVES D.SC. 


Rear Admiral Bartholomew W. Hogan, 
Surgeon General of the Navy, received the 
Honorary Degree of Doctor of Science from 
Boston College and Tufts University during 
the June commencement exercises. 


REPRESENTS NAVY IN DENMARK 

Rear Admiral Ralph W. Malone, Chief 
of the Dental Division, Bureau of Medicine 
and Surgery, represented the Navy at the 
Federation Dentaire International in Copen- 
hagen, Denmark, August 14-20. Admiral 
Malone is a member of the Armed Forces 
Dental Service Commission of that organi- 
zation. 


APPOINTMENT TO LEPROSY FOUNDATION 


Doctor Howard T. Karsner, Research Ad- 
visor to the Surgeon General of the Navy, 
has been appointed as the General Consult- 
ant of the Medical Advisory Board of the 
Leonard Wood Memorial (American Lep- 
rosy Foundation). 

Mr. Perry Burgess, President of the 
Leonard Wood Memorial, in congratulating 
Doctor Karsner on his appointment, thanked 
him for his unfailing and invaluable counsel 
to the Memorial throughout its history. 
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Dr. Karsner was recently honored by 
being named among the University of Penn- 
sylvania’s “Prominent Pennsylvanians,” 
being a 1903 alumnus of the School of 
Medicine. He is author of the textbook 
“Human Pathology.” 


ANNIVERSARIES 


The 113th anniversary of the Bureau of 
Medicine and Surgery was observed on 
August 31, 

The 43rd anniversary of the Naval Dental 
Service was observed on August 22. At pres- 
ent there are approximately 1900 dental offi- 
cers, 67 Medical Service and Warrant offi- 
cers, and 2650 enlisted dental technicians 
providing dental care for Navy and Marine 
Corps personnel in approximately 450 ships 
and stations throughout the world. 

The youngest staff corps of the Navy, the 
Medical Service Corps, observed its eighth 
anniversary on August 4. The present 
strength of the Corps is 1015 officers. 


PROMOTION TO REAR ADMIRAL 


The President approved the report of the 
Selection Board which recommended the fol- 
lowing named medical officers for temporary 
promotion to the grade of Rear Admiral in 
the Medical Corps: Captains Courtney G. 
Clegg, CO, Naval Hospital, Philadelphia ; 
Hubert J. Van Peenen, Staff Officer, CIN- 
CLANT; and Thomas G. Hays, CO, Naval 
Hospital, Mare Island, California. 


COM MENDATION 


Captain John L. Enyart, MC, command- 
ing officer of the Naval Hospital, Newport, 
R.I., was commended on June 28, 1955 by 
the Commander Fleet Air Quonset for his 
able leadership and exceptional professional 
skill. The commendation cited the efficiency 
of performance of the U.S. Naval Hospital, 
Newport, under the command of Captain 
Enyart for the past 15 months, and particu- 
larly during the period of the BENNING- 
TON disaster in May 1954. At that time, 
when helicopters transported hundreds of 
seriously and critically injured naval per- 
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sonnel to the hospital, the patients were 
treated with great dispatch and skill result- 
ing in many lives being saved. 

In commending Captain Enyart, Com- 
mander Fleet Air Quonset stated that the 
performance of all of the personnel of Cap- 
tain Enyart’s command during this tragedy 
reflected outstanding training and ability to 
cope with any emergency. 

ASSIGNMENT 

Captain William C. Baty, Jr., MC, USN, 
has been assigned to duty on the Staff of the 
Commandant of the Marine Corps, Marine 
Corps Headquarters, Washington, D.C., and 
for additional duty to the Bureau of Medi- 
cine and Surgery as liaison officer between 
that bureau and the MarCorps Head- 
quarters. 

Captain Baty, who has spent 17 of his 26 
years service with the Marines in the field 
and at Marine Corps installations, relieved 
Captain E. R. Hering, MC, USN, who was 
placed on the retired list of the Navy on 
July 1. 

COLOMBIA PRESENTS AWARD 

Captain Thomas J. Canty, MC, Chief of 
the Amputee Service at the Naval Hospital, 
Oakland, California was recently lauded for 
his participation in the field of rehabilitation 
by the Mexican and Colombian governments. 

The President of Colombia presented the 
Colombian Jose Fernandez Madrid Medical 
Award to him for his excellent and meri- 
torious service to that country in the field 
of rehabilitation. 

In Mexico City, Captain Canty provided 
technical assistance in the establishment of 
an orthopedic rehabilitation program and 
artificial appliance production center. Doctor 
Carlos A. Orellana, President of the Mexi- 
can Association of Rehabilitation, stated in 
a letter to the Surgeon General of the Navy, 
“. . . Such assistance (as given by Captain 
Canty) furthers the cementing of traditional 
ties of the U.S. and Mexico, and serves as an 
example for the rest of the world in its con- 
tinuous hunt for a coexistence formula... .” 








STUDY VIRUS INFECTIONS IN EGYPT 


The Navy Medical Research Unit, Cairo, 
Egypt, held a conference in July to discuss 
work carried out by the virology section on 
the ecology of certain virus infections in 
Egypt. Dr. R. M. Taylor reviewed the past 
four years work of his department on Sind- 
bis virus, Q fever, typhus fever, West Nile, 
Sandfly fever, and certain as yet unidentified 
arthropod-borne viruses which have been 
isolated. 

In attendance were: Dr. H. Koprowski 
(Lederle Laboratories); Dr. P. Lepine 
(Pasteur Institute); Dr. K. Habel (Na- 
tional Institutes of Health) ; Dr. M. Kaplan 
(World Health Organization) ; Dr. Dowde- 
swell (WHO) ; Dr. C. Klimt (WHO) ; Mr. 
H. Shipman (WHO); Dr. D. Horstmann 
(Yale University) ; Dr. R. M. Taylor, Dr. 
Farag Rizk, and Commander H. Hurlbut, 
all of NAMRU-3. 


ENSIGN 1955 (MEDICAL) PROGRAM 


The only student program sponsored by 
the Navy Department for medical students 
is the Ensign 1995 (Medical) Program. 
Eligible candidates for this program are 
limited to those students enrolled or who 
have been accepted for enrollment at ac- 
credited medical schools in the United States 
and Canada. A number of positive benefits 
and privileges are offered, particularly to 
those medical students having an obligation 
for military service under existing Selective 
Service laws: 

(1) Successful candidates are appointed 
Ensign 1995 (Medical), Navy Reserve, for 
inactive duty while pursuing their profes- 
sional studies ; 

(2) They are legally deferred from mili- 
tary service so long as they remain in good 
standing in medical school, or until gradua- 
tion and completion of not more than twelve 
months internship ; 

(3) They accumulate longevity for pay 
purposes ; this amounts to nearly $80 more 
than a medical officer entering on first as- 
signment from civilian status ; 
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(4) Preferential consideration by a board 
acting on Naval internships ; 

(5) They will be physicians in the Navy, 
which is presumed to be the service of their 
choice ; 

(6) They will perform their obligation of 
service under Selective Service, immediately 
upon completing their internships, unless 
for some reason (such as residency) de- 
ferment is advisable. 

(7) They may associate with drilling units 
of the Naval Reserve, thus accruing pro- 
motion and retirement point credits. 

(8) Fourteen days active duty for train- 
ing each year if desired. 

(9) Clinical Clerkships after second year 
with pay and allowances. (Only one tour 
permitted. ) 


AWARDED PH.D. 

Captain James A. English, DC, on duty 
at the Naval Medical Research Institute, 
NNMI, Bethesda, Maryland, was recently 
awarded a degree of Doctor of Philosophy 
from Johns Hopkins University. Captain 
English completed the requirements for this 
degree on a part time basis while carrying 
on his regular duties as Head of the Dental 
Section at the Medical Research Institute. 


DENTAL RESERVE STATUS 

Captain Collister M. Wheeler, Dental 
Corps, USNR, Director of the Naval Dental 
Reserve Program has furnished the follow- 
ing statistics concerning the current status 
of the Naval Dental Reserve. 


Inactive Reserve Dental Officers ... 5719 
Naval Reserve Dental Officers on ac- 
NG ORE 25 AE EE Spl ee 999 
Naval Reserve Dental Companies 
CSIADNSHER SS 5s es Aes See hls 73 
Members of Naval Reserve Dental 
COMPORING ) o P NOP OS RR 1149 
Reserve Dental Officers on Inactive 
SURES: LAG See en Gatien 2329 
Reserve Dental Officers performing 
appropriate Gully ..06.5 666s ccess 531 


Reserve Dental Officers associated 
WHE DO MRD 801i. Fe 49 


Association Notes 








Reserve Dental Officers attached to 
Naval Reserve (Advance Base, 
Mobilization, etc.) ......0000s00 130 


TRAINING DUTY COURSES FOR RESERVE DENTAL 
OFFICERS 

Dental Reserve Officers who desire train- 
ing may avail themselves of courses listed 
below. Quotas are provided for each Dis- 
trict with pay and allowances for those eligi- 
ble. Training may also be taken without pay 
and allowances for the purpose of earning 
promotion and retirement points. Applica- 
tions should be sent to the District Com- 
mandants. 

Dental Military Training—12 days— 
Naval Dental School, NNMC, Bethesda, 
Maryland, October 3-15, 1955 and March 
4-17, 1956. Professional subjects including 
Medical Aspects of Special Weapons and 
Radioactive Isotopes. 

Dental Military Seminar—3 days—Con- 
vened concurrently with the American 
Dental Association meeting, San Francisco, 
California. A dental-military seminar with 
the latest information on subjects of a dental 
military nature. 

Seminar—Commanding Officers of Naval 
Reserve Dental Companies—6 days—Bureau 
of Medicine and Surgery, Washington, D.C. 
Administration, and operation of the Navy 
Dental Department from the Bureau level. 

Special Weapons, Isotopes and Profes- 
sional Subjects—5 days—To be conducted 
at the U. S. Naval Station, Treasure Island, 
San Francisco, Calif., February 27, 1956, 
for the 11th, 12th, and 13th Naval Districts. 

Dental Ensign Orientation Program. Con- 
vened at Naval Facilities authorized by Bu- 
reau of Medicine and Surgery, to provide 
training and orientation for Ensigns 1955 
(Dental). 


RETIREMENTS 

Rear Admiral Clifford A. Swanson, MC, 
the twentieth Surgeon General of the Navy 
was retired on July 1. He was appointed 
Surgeon General on December 1, 1946, and 
served for a period of four years. He and 
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Mrs. Swanson are residing at 4200 Cathedral 
Avenue, N.W., Wash. D.C. 

Rear Admiral Eugene R. Hering, Jr., MC, 
was retired on July 1. He was promoted to 
the grade of Rear Admiral at the time of 
his retirement by reason of his combat decor- 
ations. He served throughout World War II 
and the Korean Conflict in the field with 
Marine Corps units. The Legion of Merit 
was awarded to him on four occasions for 
outstanding and meritorius conduct and serv- 
ice. Admiral Hering will establish a private 
practice in Lakeside, California. 

Captain Charles W. Shilling, MC, was 
retired on July 1. He is an expert in sub- 
marine and diving medicine, and is noted 
for research in both of these fields. He has 
made contributions in connection with the 
development of safety, salvage and escape 
devices, and in problems of oxygen supply. 
From 1938 to 1947 he served at the Sub- 
marine Base, New London, Conn., where he 
initiated and organized an extensive research 
program which became the Naval Medical 
Research Laboratory, New London. In April 
1942 he participated in the rescue of person- 
nel from the stricken submarine, USS Squa- 
lus. At the present time Captain Shilling is 
on duty with the Atomic Energy Commis- 
sion. 

Capt. Lewis T. Dorgan, MC. Boyd Clinic, 
1228 Pine Ave., Long Beach, Calif. 

Capt. Thomas Q. Harbour, MC, Keener, 
Ala. 


Capt. Merritte M. Maxwell, DC, 252 N. . 


Ist St., San Jose, Calif. 

Capt. Frank A. Richison, DC, 3265 Sec- 
ond Ave., San Diego, Calif. 

Capt. Hugo O. G. Wagner, MC, Alten- 
burg, Mo. 

CDR. Jesse D. Hodge, NC, Gulfport, 
Fla. 

LCDR. Rose Mallen, NC, Plattsburg, Mo. 

LT. Mary J. Grande, NC 

LT. Gaylord F. Pierce, MSC, 1745 Pine- 
grove Ave., Jacksonville, Fla. 

LT. Robert L. Smith, MSC, RFD #1 
Burgaw, N.C. 
LTJG. Thedia A. Michael, NC. 





Air Force 


Surgeon General—Mayj. GEN. DaN C. OGLE 
Deputy Surg. Gen—Majy. Gen. W. H. 
PowELL, Jr. 


REPORT OF USAF MEDICAL SERVICE 


The Second Report of the Medical Service 
of the U. S. Air Force, covering the period 
July 1952-June 1954, was recently published 
in a 400-page paper cover book. The period 
from 1949, when the Air Force became a 
separate department of the military establish- 
ment, to July 1952, was covered by the First 
Report. 

Three major parts and an appendix, all 
having a number of subdivisions, make this 
report comparatively easy for the reader to 
turn to the subject of his immediate interest. 
The many tables and charts which are neces- 
sary in any report of this kind will be mostly 
used for reference and historical record. 

In the preface of the report Major Gen- 
eral Dan C. Ogle, the Surgeon General of 
the Air Force, has this to say ; “In the period 
covered by this report two major programs 
have been initiated with outstandiry prog- 
ress in each. In one, we have endcevored to 
match our specialty care with the highest 
standards of civilian medical practice, and in 
the other, to achieve a sound system of ad- 
ministration by utilizing the best known tech- 
niques of management.” And he further 
states, “There is, however, one area which 
needs strengthening and which could in the 
future become critical: Our Medical Service 
has been unable to attract and retain an ade- 
quate number of physicians on a career basis. 
Not only does this contribute to a continuing 
shortage of qualified personnel, but it lowers 

the level of medical experience since Re- 
serve officers are on duty such a relatively 
short time. I hope that all medical personnel 
will give this problem serious and construc- 
tive attention.” 


ASSIGN MENT 


Colonel Walter J. Reuter, USAF (DC), 
has been assigned to the Medical Services 
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Division, 1002d Inspector General Group, 
Norton Air Force Base, San Bernardino, 
California. During World War II, Colonel 
Reuter was Dental Surgeon of the Eighth 
Strategic Air Force in England. 

In his new assignment, Colonel Reuter 
will conduct inspections of dental service ac- 
tivities within the Air Force Medical Serv- 
ice. 

VETS RECEIVE M.P.H, DEGREE 

Seven career Air Force veterinary officers 
were awarded the degree of Master of Pub- 
lic Health in June. They are: Lt. Colonel 
William E. Bills; Majors Robert W. Bailey 
and Frederick W. Clayton; Captains Robert 
A. Crandell, Gene C. Phelps, Williams H. 
Watson, Jr., and Robert J. Young. 


Public Health Service 


Surgeon General—Lronarp A. SCHEELE, 
M.D. 

Deputy Surg. Gen—W. PALMER DEERING, 
M.D. 


DIRECTORSHIP NIH 

Dr. William H. Sebrell, Assistant Surgeon 
General, Public Health Service, and Direc- 
tor of the National Institutes of Health, 
Bethesda, Md., retired on August 1 after 30 
years of service. 

Dr. James A. Shannon, who has been as- 
sociate Director of the Institutes has suc- 
ceeded Dr. Sebrell, who has accepted an ap- 
pointment as research consultant to the 
American Cancer Society. The National In- 
stitutes of Health comprise seven research 
centers: Cancer, Neurological Diseases and 
Blindness, Arthritis and Metabolic Diseases, 
Mental Health, Dental Research, and Micro- 
biology, and Heart Diseases. 

Dr. Shannon is a graduate of the College 
of the Holy Cross, Worcester, Mass., and re- 
ceived his medical degree from New York 
Univeristy in 1929, and his Ph.D. in physiol- 
ogy from the same university in 1935. In 
the 1920’s he was a member of the Public 
Health Service team that established the die- 
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tary origin, prevention, and treatment of 
pellagra. In the course of his work, he dis- 
covered the cause and cure of another de- 
ficiency disease, ariboflavinosis. He has also 
received scientific acclaim for important find- 
ings in the dietary cause and treatment of 
liver disease, the effect of pantothenic acid 
deficiency on the adrenal glands, nutritional 
effects of sulfa drugs, and the cause and 
treatment of blood abnormalities. 


VETERINARY CONSULTANT TO WHO RETURNS 


Dr. James Lieberman, Veterinary Train- 
ing Consultant, with the Training Branch 
of the Public Health Service’s Communi- 
cable Disease Center in Atlanta, recently re- 
turned from an assignment in Geneva, 
Switzerland, where he served as veterinary 
public health consultant to the European Re- 
gional Office of the World Health Organiza- 
tion of the United Nations. He was respons- 
ible for organizing an Advisory Group on 
Veterinary Public Health. 

While in Geneva he devoted considerable 
time to evaluating the extent of veterinary 
public health problems in European coun- 
tries. This included a survey, now being com- 
piled, of instruction in preventive medicine 
and hygiene in over 40 schools of veterinary 
medicine in countries comprising the Euro- 
pean Regional Office. 


NURSING HOME PROJECT APPROVED 


Approval of the first project to be con- 
structed under the provisions of the Medi- 
cal Facilities Survey and Construction Act 
of 1954 (PL 482, 84th Congress) has been 
announced by Dr. Leonard A. Scheele, Sur- 
geon General of the Public Health Service. 

This project is a 53-bed nursing home ad- 
dition to the Pinal County General Hospital 
at Florence, Arizona, and will be used for 
nursing and medical care of the aged. There 
is a need for health facilities for the care of 
the aged and the increasing number of pa- 
tients suffering from chronic diseases not 
only in Arizona but in the entire country. 
The Act of Congress has authorized Federal 
funds, on a matching basis, to community 
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and non-profit sponsors for the construction 
of these types of facilities. 
CARDIOVASCULAR TRAINING CENTER 

Nurses will be given special training in 
the field of cardiovascular diseases at the 
Cardiovascular Training Center for Nurses, 
University of Minnesota School of Public 
Health. 

Nurses for the first group which will be- 
gin training January 1, 1956, will be drawn 
mainly from the consultant, supervisory and 
instructor positions. 

Dr. Scheele has stated that, “With every 
community today facing the growing prob- 
lem of cardiovascular disease, the Training 
Center offers a means of developing more 
leadership for local communities.” 

SUPPLY OF RHESUS MONKEYS ASSURED 

As the result of negotiations, the United 
States Mission to India and the United 
States Embassy in India have secured the 
agreement of the Government of India to 
permit the continued exportation of rhesus 
monkeys for medical research and production 
of anti-poliomyelitis vaccine. All needs must 
be certified by the United States Govern- 
ment through the Public Health Service. In- 
formation concerning procedure and neces- 
sary forms may be secured from: National 
Institutes of Health, Room 1012, Building 
T-6, Bethesda 14, Maryland. (Telephone- 
Oliver 6-4000; extension 2748, Miss Par- 


ent). 


COURSES IN SEROLOGY OF SYPHILIS 

Refresher courses in serology of syphilis 
have been announced by the Venereal Dis- 
ease Research Laboratory, Public Health 
Service, Chamblee, Georgia. The schedule 
of the courses is: 

Sept. 26-Oct. 7, 1955—Serology of Syph- 
ilis. 

Oct. 24-Nov. 4, 1955—Serology of Syph- 
ilis. 

Oct. 31-Nov. 10, 1955—Tests for Syphilis 
Using the Treponema Pallidum. 
Jan. 9-20, 1956—Serology of Syphilis. 


Feb. 6-17, 1956—Serology of Syphilis. 

Mar. 12-23, 1956—Serology of Syphilis. 

Apr. 2-13, 1956—Serology of Syphilis. 

Apr. 16-27, 1956—Tests for Syphilis Us- 
ing the Treponema Pallidum. 

Apr. 30-May 11, 1956—Management and 
Control of Syphilis Serology by the Regionat 
Laboratory. 

The courses are designed to provide re- 
fresher training to senior operating person- 
nel of State and Public Health Service Lab- 
oratories. Inquiries should be addressed to: 
Director, Venereal Disease Research Labora- 
tory, Division of Special Health Services, 
PHS, P.O. Box 185, Chamblee, Georgia. 


SEROLOGICAL TESTS FOR SYPHILIS 


The 1955 edition of the Manual of Sero- 
logic Tests for Syphilis has just been re- 
leased. This gives the latest technical pro- 
cedures for the tests now commonly em- 
ployed in the United States. 

The 106-page manual (Public Health 
Service Publication No. 411) can be obtained 
from the Superintendent of Documents, 
U. S. Government Printing Office, Wash- 
ington 25, D.C. for $1.00. 


Veterans Administration 


Chief Medical Director—Witu1aM S. Mip- 
DLETON, M.D. 

Deputy Chief Med. Dir—R. A. Wotrorp, 
M.D. 


APPOINTMENTS 


Dr. Fred M. Patterson of Greensboro, 
N.C., has been appointed examining physi- 
cian, in the Veterans Administration Re- 
gional Office in Columbia, S.C. In World 
War I, while serving as a sergeant in the 
113th field artillery, he suffered severe gun- 
shot wounds in action overseas. 

Dr. Patterson received his medical degree 
from the University of Pennsylvania Medi- 
cal School in 1924. After special work at the 
Brady Urological Hospital at Baltimore he 
entered the private practice of urology at 
Greensboro. 
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Dr. James R. Glotfelty, has been trans- 
ferred from the position of manager of the 
VA Hospital at Lebanon, Pa., to the same 
position at the VA Hospital, Durham, N.C. 
He succeeds Dr. John J. Tyson, lately de- 
ceased. 

Dr. Glotfelty is a diplomate of the Ameri- 
can Board of Psychiatry and Neurology. 
During World War II he served in the 
Army Medical Corps. 

Dr. Roland W. Hipsley, formerly mana- 
ger of the Minot, N.D., VA hospital has as- 
sumed the same position at the Lebanon, Pa. 
hospital. 

James F. Haile, assistant manager of the 
VA hospital at Montgomery, Ala., has suc- 
ceeded Dr. Hipsley as manager at Minot. 

William B. Carroll, has been appointed 
manager of the VA Center at Fargo, N.D. 
He succeeded Harry R. Pool who was trans- 
ferred to the VA hospital at Hines, IIl., as 
manager. 

John C. Phillips, has been appointed man- 
ager of the VA Center at Dayton, Ohio. He 
succeeds John I. Spreckelmyer who was 
transferred to the Central Office in Wash- 
ington, D.C. 

EXCEPTIONAL SERVICE AWARD GIVEN 

Miss Grace Bulman, Director of the VA 
Dietetic Service, was given the highest award 
of the Veterans Administration—the Excep- 
tional Service Award—when the presenta- 
tion was made by Administrator Harvey 
Higley. This is the third time in the history 
of the Veterans Administration that the 
award has been given to a woman. 

Miss Bulman was presented with the first 
McLester Award at the 61st Annual Con- 
vention of this Association last November 
for her outstanding work in the field of nu- 
trition and dietetics. 


PHYSICAL MEDICINE RESIDENCY 


The Veterans Administration is now offer- 
ing for its full-time career physicians a resi- 


dency training in physical medicine and re- . 


habilitation. Prior service in the VA will not 
be a requirement for the training as long as 
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the obligated service contract is signed. Ap- 
plications should be sent to the manager of 
the VA hospital where the physician wishes 
to take his training. 


TRAINING FOR WORLD WAR II VETS 


July 25, 1956 marks the end of the educa- 
tion program for all but a few of the World 
War II veterans now in training under the 
original GI Bill. More than 7,800,000 veter- 
ans have received some sort of education or 
training under the GI Bill since 1944. Only 
about 138,000 World War II veterans are 
still in training under the bill. 

July 25, 1957 is the end for benefits under 
the GI loan program. There have been 
3,750,000 loans for the purchase of homes; 
220,000 business loans; and 67,000 farm 


loans. 


MENTAL PATIENT EMPLOYEES 

About three years ago Dr. Peter A. Peffer, 
then manager of the Veterans Administra- 
tion hospital at Perry Point, Md. (now at 
3rockton, Mass.), inaugurated a plan to em- 
ploy certain types of mental patients in his 
hospital. Over a period of two years there 
was further development of the plan, which 
was tested, and found to be a sound one. 
Authority was then given to adopt the plan 
in other VA hospitals. The latesi figures 
available indicate 345 patients in 19 hospi- 
tals have been placed in jobs ranging from 
dental technician to messenger, under the 
program. Of this number 111 have left the 
hospital work for outside employment, 90 
have been readmitted for additional treat- 
ment and 144 are still working in the Mem- 
ber-Employee Program. 
PAIN RELIEVED BY ULTRASONIC THERAPY 

The use of ultrasonic therapy equipment 
for the relief of pain has been so successful 
in Veterans Administration hospitals that 
the installation is being extended as rapidly 
as possible. Training of personnel must pre- 
cede the installation of the equipment. Al- 
ready the equipment has been installed in 
nine hospitals and one regional office. 
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Spectacular relief has been obtained in 
the cases of painful amputation stumps, 
bursitis, arthritis, myositis and sciatica. 


Miscellaneous 


THE BOARS 


The annual conclave of the Loyal Order 
of Boar (Washington, D.C. Sty) met at the 
Walter Reed Army Medical Center on July 
15. Fifty-one shoats, representing all the 
medical services of the government, were 
properly conducted through the ceremonies 
which elevated them into a position of respon- 
sibility, that of a full fledged ?~>r. 

Presiding over the ceremonies was The 
Boar Leonard D. Heaton (Commanding 
General, Walter Reed Army Medical Cen- 
ter). He was assisted by Lt. Colonel Hum- 
bert L. Riva, Keeper of the Shoats. The an- 
nual oration was delivered by Brig. General 
James P. Cooney, Deputy Surgeon General 
of the Army. 

The Loyal Order of the Boar was founded 
in 1928 at the Medical Field Service School, 
when it was located at Carlisle Barracks, Pa. 
The membership now runs into the thou- 
sands with chapters throughout the United 
States. Membership includes many promi- 
nent persons throughout the medical services, 
both active and reserve. An invitation to dine 
at the trough is a distinct honor. 


TEA 

The Symposium on the Pharmacology 
and the Physiologic and Psychologic Effects 
of Tea, presented at a conference at the 
New York Academy of Sciences, May 16, 
1955 is recorded in a 64-page booklet, titled 
Tea. 

“Tea, next to water is the most consumed 
beverage in the world,” so papers about this 
important drink were presented to stimulate 
interest and present information to dieti- 
tians, nutritionists, and physicians. 

This interesting booklet may be obtained 
for $1.00 from The Biological Sciences 
Foundation, Ltd., 1011 New Hampshire 
Ave., N.W., Washington 7, D.C. 





REJUVENATION DRUG 

Elderly men may not have to seek the 
Fountain of Youth. It may be brought to 
them in the form of a synthetic hormone. 
Injections ‘of stanolone, a powerful synthetic 
male hormone, produced definite evidence in 
a group of elderly men of benefit to body 
cell function reflected by increased utilization 
of the basic dietary constituents of cell 
growth. The beneficial effects were greater 
than those obtained from improved diet 
alone. During the course of treatment with 
stanolone, beneficial alterations in personal- 
ity traits and mental attitudes were also 
seen: subjects were more jovial and enthusi- 
astic, and frequent testimonials of well-be- 
ing were volunteered. 

This report was made by Dr. Nathan 
Shock of the National Heart Institute at a 
conference at Harriman, New York. The re- 
search was carried out in collaboration with 
Dr. Donald M. Watkin, Janis Parsons, and 
Marvin J. Yiengst in the Baltimore labora- 
tories of the NHI section on Gerontology. 
FATTY DIETS 

The modern doctrines of dietetics are not 
very much in favor of fat-containing food 
articles, especially for older persons. How- 
ever, at the recent meeting of the National 
Margarine Manufacturers Association, Dr. 
Harris of the Massachusetts Institute of 
Technology came to the rescue of the fatty 
diets, including butter and margarine. He is 
of the opinion that fats are easily and com- 
pletely digested, and that there is no positive 
proof for the atherosclerotic effect of fatty 
foods. ( Now all of us who like to bring home 
the bacon should feel relaxed.) 


MEETING OF FHI ALUMNI ASSOCIATION 


The Federal Hospital Institute Alumni 
Association will hold its Annual Breakfast 
meeting on September 20 in the Belvedere 
Room of the Traymore Hotel in Atlantic 
City. 

Graduates of the Institute for Federal 
Hospital Administrators are urged to attend. 
The speaker will be Dr. William S. Middle- 
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ton, Chief Medical Director of the Veterans 
Administration. 


MEDICAL WRITERS’ ASSOC. MEETING 


The 12th annual meeting, American Medi- 
cal Writers’ Association, will be held at the 
Hotel Jefferson, St. Louis, September 30th, 
followed by an Association sponsored Work- 
shop on Medical Writing October 1. No 
registration fee is required for the meeting 
but a $5.00 registration fee will be required 
from non-members for the Workshop. Fur- 
ther details may be obtained from the Secre- 
tary, Harold Swanberg, M.D., 209 W.C.U. 


3uilding, Juincy, Illinois. 


MEETING 

The Society of Military Ophthalmologists 
and the Society of Military Otolaryngolo- 
gists will hold a joint dinner meeting at the 
time of the annual meeting of the American 
Academy of Ophthalmology and Otolaryn- 
gology in Chicago in October. 

Cocktails and dinner will be served at 
6:30 p.m. on October 11, 1955 at the Palmer 
House. The dinner will be followed by a 
short business meeting. 

All members of the Society of Military 
Ophthalmologists and the Society of Mili- 
tary Otolaryngologists are invited to attend. 
Application may be made to either Captain 
James A. Stokes, MC, Secretary-Treasurer, 
Society of Military Ophthalmologists, Eye 
Clinic, Walter Reed Army Hospital, Wash- 
ington 12, D.C. or to Lieutenant Colonel 
Frank A. Perri, MC, 3650 USAF Hospital, 
Box 485, Sampson Air Force Base, N.Y. 


MILITARY MEDICO-DENTAL SYMPOSIUM 


The Sixth Annual Military Medico-Den- 
tal Symposium for all Armed Forces of the 
United States has been announced by the 
Fourth Naval District. Meetings will be held 
at the U. S. Naval Hospital, Pattison Ave- 
nue, Philadelphia, Pa., October 17-22, 1955. 
Speakers of prominence will take part in the 


program. 
Members of the Medical, Dental and 


Association Notes 





325 





Nursing professions, students, internes and 
residents, and hospital administrators are 
cordially invited to attend. Reserve Officers 
will receive credit points for retirement. For 
further information address: District Medi- 
cal Officer, Bldg. No. 4, U. S. Naval Base, 
Philadelphia 12, Pa. 


MEND PROGRAM 


Medical Education for National Defense 
will hold its first symposium, “Aviation 
Physiology and Medicine,” in November at 
the School of Aviation Medicine, Randolph 
Field, Randolph Air Force Base, Texas. The 
program, lasting 2-3 days, is being designed 
to interest physiologists, pharmacologists, 
pathologists, and other faculty members in- 
terested in experimental medicine. Inquiries 
should be addressed to the MEND Coordi- 
nator at the national office which has been 
established with J. R. Schofield, M.D., as 
coordinator, located at: Medical Education 
for National Defense, Bureau of Medicine 
and Surgery, Potomac Annex; Dep't. of 


Navy, Washington 25, D.C. 


ALLERGY CONGRESS 

The II International Congress on Aller- 
gology will be held in Rio de Janeiro (Bra- 
zil) from 6-13 November. Pricr to the 
opening of the Congress, on the 3rd, 4th, 
and 5th of November there will be an inten- 
sive course on allergy, in which about thirty 
famous scientists will participate. Registra- 
tion fee-$15.00. Address: Secretary General, 
Avenida Rio Branco 277,7° andar, grupo 
705 Rio de Janeiro, Brazil. 


MEETING 

The National Society for Crippled Chil- 
dren and Adults will hold its annual conven- 
tion at the Palmer House, Chicago, Nov. 28- 
30. The Society Headquarters is at 11 South 
La Salle Street, Chicago 3, III. 


POSTGRADUATE COURSES IN CHEST DISEASES 

The American College of Chest Physicians 
is sponsoring postgraduate courses on dis- 
eases of the chest in Chicago (October 3-7), 











326 Military Medicine 


and New York (November 14-18). Further 
information can be obtained from the Ex- 
ecutive Director, 112 East Chestnut Street, 
Chicago 11, IIl. 


USP XV 

The U. S. Pharmacopeia-XV is now be- 
ing published. This book which sells for $10 
is to be official on December 15, 1955. It can 
be obtained from the Mack Publishing Com- 


pany, Easton, Pa. 


NEW AND NON-OFFICIAL DRUGS 

The 1955 New and Non-Official Drugs 
which have been accepted by the American 
Medical Association’s Council on Pharmacy 
and Chemistry has recently been published 
by J. B. Lippincott & Company, Philadel- 


phia. Price is $3.35 


BIBLIOGRAPHIES AVAILABLE 

Two exhaustive bibliographies have re- 
cently been compiled by the Armed Forces 
Medical Library. Persons interested in the 
fields of these bibliographies, especially 
writers on the subjects, should provide them- 
selves with these very complete lists pub- 
lished in book form, They are: The Struc- 
ture, Composition and Growth of Bone, 
1930-1953 and Narcotic Addiction; a list of 
References. The former can be obtained 
from the Superintendent of Documents, Gov- 
ernment Printing Office, Wash. 25, D.C., for 
$1.00 and the latter from the Director, 
Armed Forces Medical Library, Wash. 25, 
D.C. 


PUBLICATION AVAILABLE 
Education for the professions, a 317 page 
book giving a variety of information about 
28 professions of the health field is now 
available from the Superintendent of Docu- 
ments, Government Printing Office, Wash- 
ington 25, D.C. The price is $2.75 for buck- 
ram binding, and $1.75 for paper cover. 
Check, money order or cash are acceptable. 


GOVERNMENT PUBLICATIONS 


Education for the Professions....... $1.75 


($2.75-buckram ) 
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Instructor’s Guide for Training Food 


a. One rere Para 1.50 
No. FS 2.6: F 73/2 

Occup. Health & Safety Legisl....... 1.25 
No. FS 2.2:Oc 1/3 

Professional Manual for Nursing.... 1.25 
No. D 101.11 :8-273 

Challentie of ‘Cancer 5 2365 fon ost 70 


No. FS 2.22C 16/5 


Atomic Warfare Defense, Navy Train- 


ICRI 15s cia be Cased $s ake sDacees 65 — 
No. D 208 :11At7 

Practical Nursing Curriculum....... 65 
No. FS 5.30:11 

i ee re een ins ee 55 
No. FS 2.2:H41 

Nutrition & Healthy Growth........ 35 
(Prenatal through Adolescence) 

Bact 500K: OF ARMs 2 5 5: 5,<cs0%e 01s yee one 30 


No. FS 1.2:AG 4/4 
Above may be obtained from the Supt. of 
Documents, Govt. Printing Office, Wash. 25, 
D.C. (Cash, check, or money order. ) 


WORLD HEALTH ORGANIZATION PUBLICATIONS 


The Rural Hosp. Monog. #21....... $4.00 

Cholera Studies ; Insecticide Equip.... 2.00 
Vol. 12, No. 3, Bull. 

Virus Meningo-Encephalitis and Polio 2.00 
Vol. 12, No. 4, Bull. 

Malaria: A World Problem......... .60 
Vol. 9, No. 2-3 

Comm. on Drugs Liable to Produce Ad- 
ND ation Ua actus a lecatd Nimsaid widen 30 
Tec. Report No. 95 

Available from: Columbia University Press, 


2960 Broadway, New York 27, N.Y. 


Honor Roll 


The following sponsored one or more ap- 
plications for membership in the Association 
during the month of July, 1955: 

Lt. Col. Edward F. Eppley, 

(MSC) 

Cdr. R. S. Kibler, MC, USN 

Major Francis A. O’Reilly, MC, USAR 

Col. Miriam E. Perry, USAF (WMSC) 

Capt. E. Ricen, MC, USN 


USAF 
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Lt. Col. Val E. Miltenberger, 
U.S. Army, Ret. 


Val E. Miltenberger, Lieutenant Colonel, 
U. S. Army, retired, died at the home of his 
son in Albuquerque, New Mexico, on July 
14 at the age of 74 years. 

Colonel Miltenberger was a native of Mis- 
souri. He received his doctor of medicine de- 
gree from St. Louis University in 1904, and 
joined the Medical Reserve Corps in 1909. 
He served in World War I and continued 
his service in the Regular Army Medical 
Corps after the War. In 1937 he was re- 
tired in the grade of lieutenant colonel for 
physical disability. He had made his home in 
Kirksville, Mo., since his retirement. 

Colonel Miltenberger was a life member 
of our Association. 


Vice Adm. Alexander G. Lyle, 
U. S. Navy 


Alexander Gordon Lyle, Vice Admiral, 
U. S. Navy, Retired, died at his home in 
Portsmouth, R.I., on July 15 at the age of 
65 years. 

Admiral Lyle was a native of Massachu- 
setts. He graduated with honors from the 
Baltimore College of Dental Surgery in 1912. 
On April 15, 1915 he was appointed Assist- 
ant Dental Surgeon in the Navy, advanced 
through the grades to that of rear admiral 
in 1943. Upon his retirement in 1948 he was 
advanced to the grade of vice admiral. He 
was the first rear admiral in the Navy Den- 
tal Corps. During World War I, while serv- 
ing with the Fifth U. S. Marine Regiment in 
France, he was awarded the Medal of Honor 
and Silver Star Medal (Army) for extraor- 
dinary heroism and devotion to duty. 

Admiral Lyle is survived by his wife, 


OBITUARTIES 





Mrs. Ruth Lyle, Black Point Farm, Indian 
Avenue, Portsmouth, R.I. Interment was in 
Arlington National Cemetery. 


Lt. Col. Robert L. Jimison, 
U. S. Army 


Robert Loomis Jimison, Lieutenant Colo- 
nel, U. S. Army was instantly killed in an 
automobile accident near Harrington, Dela- 
ware, on July 16. 

Colonel Jimison’s car, driven by his wife, 
overturned when sideswiped by a passing 
automobile. Mrs. Jimison was injured and 
was taken to Walter Reed Army Hospital, 
Washington, D.C. 

Colonel Jimison was a native of Ohio, 
graduated from the Ohio State University 
School of Veterinary Medicine in 1938, and 
then, until 1941, was in private practice in 
Glens Falls, New York. At that time he en- 
tered the military service. It was through his 
professional ability and personal endeavors 
that the Army was able to secure a safe 
source of fresh milk from Scandinavian 
countries for consumption by our Armed 
Forces in Germany, Austria, and Italy. 

Colonel Jimison had been recently as- 
signed to the Veterinary Food Inspection 
Service of the Second Army, Fort Meade, 
Maryland. He is survived by his wife, and 
five children. Interment was in Arlington 
National Cemetery. 


Brig. Gen. Henry C. Pillsbury, 
U.S. Army, Ret. 


Henry C. Pillsbury, Brigadier General, 
U. S. Army, Retired, died July 18 at Ross, 
California. 

He was born in Lowell, Mass., May 7, 
1881. After receiving his medical degree 
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from Harvard University in 1906, he be- 
came an Army Contract Surgeon, and the 
following year entered the Army Medical 
Corps as a first lieutenant. During World 
War I he held the rank of a lieutenant colo- 
nel. He became a permanent lieutenant colo- 
nel in 1927 and a colonel in 1933. 

General Pillsbury was a specialist in the 
field of x-ray, and had filled the positions of 
director of the service at Walter Reed Army 
Hospital and Letterman Army Hospital. In 
1936 he became chief health officer for the 
Panama Canal Government, and in 1939 he 
was assigned surgeon for the Third Corps 
Area in Baltimore. In 1941 he became com- 
manding officer of Lovell General Hospital, 
Fort Devens, Mass. He retired from the 
Army in 1945. 

General Pillsbury was a member of the 
Forty Year Club of the Association of Mili- 
tary Surgeons of the United States. Inter- 
ment was at Arlington National Cemetery. 


Col. Samuel J. Turnbull, U.S. 
Army, Ret. 


Samuel J. Turnbull, Colonel, U. S. Army, 
Retired, died of a heart attack, July 30 at 
Spray Beach, N.J., age 69. 

Colonel Turnbull was a native of Florida. 
He graduated from George Washington 
Medical School in 1909, entered the Regular 
Army Medical Corps in 1912, and served 
until his retirement in 1947. He held the Dis- 
tinguished Service Medal, Legion of Merit, 
and several other decorations. He is survived 
by his widow, Mrs. Helen Turnbull, 1789 
Lanier Place, N.W., Washington, D.C., two 
daughters and a son. Interment was in Ar- 
lington National Cemetery. 


James A. Lyon, M.D. 


James Alexander Lyon, a_ prominent 
Washington physician and former Regular 
Army Medical officer died August 4 at the 


age of 73. 
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Dr. Lyon was a native of New York. He 
received his medical degree from Maryland 
Medical College, Baltimore, in 1906. In 1916 
he entered the Army and served on the Mexi- 
can border. In October 1917 he joined the 
American Expeditionary Force in France, 
and served as a battalion medical officer and 
later as hospital commander. For this service 
he was decorated with the Croix de Guerre 
with Gold Star, Victoire Apparaint, Chateau 
Thiery and Verdun, Purple Heart, and Silver 
Star. His Victory Medal carried five cam- 
paign stars. 

Dr. Lyon, then a major, resigned from the 
Army in 1925 and specialized in cardiology, 
a field in which he gained international rec- 
ognition. From 1929-1940 he was professor 
of clinical cardiology at Georgetown Univer- 
sity Medical School. He was a member of 
the American Medical Association, the 
American College of Physicians, the Ameri- 
can Therapeutic Society, the Association of 
Military Surgeons and many other organiza- 
tions. 

He is survived by a daughter, Mrs. Eliza- 
beth Colloboletta of Hollywood, Fila. 
Arlington National 


Interment was in 


Cemetery. 
Col. John I. Meagher, U. S. 
Army, Ret. | 


John I. Meagher, Colonel, U. S. Army, 
Retired, died in Walter Reed Hospital, Au- 
gust 1, at the age of 65. 

Colonel Meagher was a native of New 
Jersey and graduated from Fordham Medi- 
cal School in 1913. He was commissioned in 
the Army Medical Corps in 1917. In World 
War IT he was in command of the 7th Evac- 
uation Hospital in Tonga in the Friendly 
Islands in the South Pacific. 

In 1949 Colonel Meagher retired from the 
Army and made his home at 110 Schuyler 
Road, Silver Spring, Maryland. He is sur- 
vived by his widow, a son, and two daughters. 
Arlington National 


Interment was in 


Cemetery. 





